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State  of  New  York 


No.    21. 

IN    SENATE, 

January  15,  1916 

TWENTY-EIGHTH  ANNUAL  REPORT 

OP  THE 

New  York  State  College  of  Agriculture  at  Cornell 

University  and  of  the  Agricultural  Experiment 

Station  Established  under  the  Direction 

of  Cornell  University 


STATE  OF  NEW  YORK 

Department  op  Agriculture 

Albany,  January  15,  1916 

To  the  Honorable  the  Legislature  of  the  State  of  New  York: 

In  accordance"  with  the  provisions  of  the  statutes  relating  thereto, 

I  have  the  honor  to  transmit  herewith  the  Twenty-eighth  Annual  Report 

of  the  New  York  State  College  of  Agriculture  at  Cornell  University, 

as  a  part  of  the  Twenty-third  Annual  Report  of  the  Commissioner  of 

Agriculture. 

CHARLES  S.  WILSON, 

Commissioner  of  Agriculture. 
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December  27,  1915 
The  Governor  of  the  State  of  New  York, 
Albany,  New  York. 

The  Secretary  of  the  Treasury, 

Washington,  D.  C. 

The  Secretary  of  Agriculture, 

Washington,  D.  C. 

The  Commissioner  of  Agriculture, 

Albany,  New  York. 

In  conformity  with  the  law  and  practices  of  former  years,  I  beg  to  submit 
on  behalf  of  Cornell  University  the  accompanying  report  of  the  New  York 
State  College  of  Agriculture  for  the  year  1914-15,  signed  by  the  Dean  of 
the  College. 

This  report,  together  with  the  abstracts  of  the  work  of  the  different 
departments,  and  copies  of  the  various  publications  of  the  year,  set  forth 
in  such  detail  the  activities  of  the  College  that  it  is  tmnecessary  to  dwell  at 
length  upon  any  particular  feature  of  the  work. 

Respectfully  submitted, 

JACOB  GOULD  SCHURMAN, 

President  oj  Cornell  University. 
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REPORT  OF  THE  DEAN  OF  THE  NEW  YORK  STATE  COLLEGE 

OF  AGRICULTURE 

November  23,  1915 
To  the  President  of  the  University: 

Sir:  I  have  the  honor  to  submit  the  axxxanpanying  report  of  the  New 
York  State  College  of  Agriculttire  for  the  year  1914-15. 

On  the  whole,  the  year  has  been  a  prosperous  one  for  the  College  of 
Agriculture. 

EDUCATIONAL  POUCIES  AND  IDSALS 

Necessarily,  however,  there  is  ho  permanency  as  yet  in  the  policies  and 
the  ideals  that  should  govern  in  the  teaching  work  of  a  college  of  agri- 
culture. Fundamentally,  the  institution  should  stand  for  all  those  things 
that  go  to  the  making  of  men  and  women,  rather  than  the  mere  training 
of  men  and  women.  Fundamentally,  again,  it  is  imperative  that  in  the 
shaping  of  policies  and  the  development  of  ideals  we  should  constantly 
aim  to  teach  those  things  that  are  related  to  life  itself.  Agriculture,  and 
all  that  it  involves  and  implies,  furnishes  as  broad  and  as  basic  a  back- 
ground for  a  liberal  education  as  any  subject  now  used,  or  hitherto  used, 
in  the  training  of  the  human  mind. 

COURSES  OF  INSTRUCTION 

The  College  of  Agriculture  offers  a  regular  four-years  course  in  agricul- 
ture leading  to  the  degree  of  bachelor  of  science,  a  four-years  professional 
course  in  home  economics,  a  four-years  professional  course  in  forestry 
with  an  additional  year  in  the  Graduate  School  leading  to  the  degree  of 
master  in  forestry,  a  four-years  professional  course  in  rural  education, 
and  a  four-years  professional  course  in  landscape  art  with  an  additional 
year  in  the  Graduate  School  leading  to  the  degree  of  master  in  landscape 
design. 

In  addition,  the  College  offers  55  short  courses,  of  twelve  weeks  each, 
for  the  benefit  of  those  who  desire  to  come  directly  from  the  farm  and  the 
farm  home.  There  are  two  summer  schools,  one  for  teachers  and  one 
for  those  interested  in  country  life  leadership. 

Farmers'  Week  has  come  to  be  recognized  as  a  valuable  feature  in  bring- 
ing the  farmers  and  the  farmers'  wives  of  the  State  in  dose  contact  with 
the  College,  the  attendance  at  the  last  one,  held  February  8  to  13,  1915, 
reaching  over  four  thousand. 

[xiiil 
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THE  tuikD  term 

A  third,  or  summer,  term  in  the  College  of  Agriculttire  is  fully  estab- 
lished to  utilize  the  long  summer  vacation  for  the  teaching  of  certain 
timely  subjects. 

RURAL  EDUCATION 

In  the  training  of  teachers  for  canying  on  agricultural  instruction,  the 
College  of  Agriculture  must  assume  and  maintain  leadership,  for  its  real 
function  will  be  to  train  teachers  who  will  themselves  become  tesichers  of 
teachers.  The  College  has,  or  should  have,  the  background  of  environment 
and  facts  that  will  enable  it  to  turn  out  teachers  of  the  first  rank,  who  will 
be  the  recognized  leaders  in  the  new  movement  for  such  forms  of  rural 
education  as  will  adapt  the  work  of  the  elementary,  the  secondary,  and 
the  normal  school  to  the  lives  of  those  whom  they  are  required  to  instruct. 

The  courses  of  instruction  are  so  shaped  as  to  prepare  for  general  scholar- 
ship, to  train  in  the  philosophy  and  principles  of  education,  and  to  assure 
a  grasp  of  agricultural  technique  and  out-of-door  problems  that  will  lead 
to  permanency  in  agricultural  educational  effort.  In  any  such  work  the 
relations  with  all  the  other  departments  of  the  College,  with  the  Uni- 
versity as  a  whole,  and  with  those  agencies  in  the  State  charged  with  the 
conduct  of  educational  work  in  general,  must  be  closely  cooperative  and 
cordial. 

THE  COLLEGE  OF  AGRICULTURE  AND  FORESTRY 

In  New  York  State,  with  aT  large  proportion  of  land  which  not  only  is 
now  forested  but  should  ultimately  remain  so,  the  forest  problem  is  an 
important  one.  It  is  partioilarly  important  in  connection  with  care  of 
the  woodlot  on  the  farm,  for  these  woodlots  contain  one-third  of  the 
timber  area. 

Education  in  forestry  must  be  definite,  thoroughly  organized,  and 
sound.  Because  foresters  are  pioneers  in  what  is  comparatively  a  new 
profession,  they  need  to  have  a  broad  and  basic  training.  As  an  indica- 
tion of  this  it  must  be  remembered  that  the  whole  conservation  movement, 
which  is  said  to  have  affected  the  American  people  more  profoundly  than 
any  other  issue  within  the  past  half  century,  was  fostered  and  brought 
about  by  those  who  first  began  to  think  about  the  future  of  the  country's 
natural  resources  through  a  study  of  its  forests. 

The  work  in  the  Department  of  Forestry  at  the  College  of  Agriculture 
keeps  all  these  points  in  view.  It  is  careftdly  correlated  with  other  work 
in  science  and  agrioilture,  and  for  this  reason  it  has  the  peculiar  advantages 
that  come  about  through  the  possibility  of  associating  a  specialized  study 
with  others  having  a  direct  bearing  on  it. 

The  instruction  in  forestry  is  designed  to  meet  the  needs  of  several  classes 
of  students:    (i)  students  of  general  agriculture  who  wish  elementary 
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instruction  in  the  case  of  woodlands  and  in  forest  planting  and  forest 
nursery  work;  (2)  prospective  teachers,  business  men,  lawyers,  and  others 
who  desire  an  understanding  of  the  place  of  forestry  in  the  life  of  a  nation; 
(3)  technical  students  in  other  lines  who  wish  one  or  more  technical  forestry 
courses,  such  as  wood  technology;  (4)  professional  forestry  students. 

An  important  part  of  the  work  of  the  Department  is  its  effort  to  be  of 
direct  help  to  owners  of  forest  lands  in  New  York  State. 

The  College  has  all  the  necessary  facilities  for  carrying  on  forestry  work 
of  a  high  order,  save  one,  and  that  is  a  large  wooded  tract  on  which  experi- 
ments in  the  field  of  forest  research  may  be  carried  out.  Even  yet  much 
of  the  work  in  American  forestry  is  being  based  on  original  studies  n^xie 
abroad.  German  forest  methods,  in  particular,  have  influenced  those  of 
America;  yet  American  foresters  have  been  forced  to  the  conclusion  that 
American  conditions  require  an  American  system.  Our  problems  cannot 
be  solved  without  adequate  means  for  research  work  on  the  ground. 
General  research  work  in  forestry,  as  in  other  natural  sciences,  is  bound 
to  fall  on  the  universities.  In  addition,  a  forest  school  should  have, 
even  for  practical  demonstrations,  a  sufficient  tract  to  give  results  on  a 
large  scale.  For  both  these  reasons,  therefore,  the  greatest  need  of  the 
Department  of  Forestry  of  the  State  College  of  Agriculture  is  a  forest 
tract  on  which  field  studies  and  experiments  may  be  conducted. 

EXTENSION  WORK 

The  extension  work  of  the  College  has  received  a  new  impetus  during 
the  year,  as  a  result  of  the  passage  of  a  federal  law  known  as  the  Smith- 
Lever  Cooperative  Extension  Act.  This  Act  provides  for  cooperative 
agricultural  extension  work  between  the  agricultural  colleges  in  the  several 
States  and  the  United  States  Department  of  Agriculture.  The  law 
specifically  provides  that  the  cooperative  agricultural  extension  work 
"  shall  consist  in  the  giving  of  instruction  and  practical  demonstrations 
in  agriculture  and  home  economics  to  persons  not  attending  or  resident 
in  said  colleges,  and  imparting  to  such  persons  information  on  such  sub- 
jects, through  field  demonstrations,  publications,  and  otherwise."  It 
provides  further  "  that  the  work  to  be  conducted  in  the  State  shall  be 
mutually  agreed  upon  by  the  Secretary  of  Agriculture  and  the  state 
agrictdtural  college  receiving  the  benefits  of  the  Act."  It  is  the  intent 
of  this  Act  to  make  it  practicable  to  carry  to  the  people,  on  their  farms 
and  in  their  own  homes,  acciunulated  agricultural  information  that  will 
prove  tiseftd  and  helpftd.  The  fundamental  idea  of  the  work  is  demon- 
strational;  that  is,  to  teach  by  showing  how  to  do  things  rather  than  by 
talking  about  how  to  do  them.  By  virtue  of  this  Act,  the  State  College 
of  Agriculture  receives  for  the  fiscal  year  1014-15  the  sum  of  $10,000, 
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and  a  like  amount  each  year  thereafter.  In  addition  to  the  $10,000,  the 
State  College  of  Agriculture  will  receive  an  increase  for  the  next  fiscal 
year  of  $23,443,  and  each  following  year  an  increase  of  $19,536,  until 
the  total  aggregates  $170,195,  providing  the  State  meets  this  cumulative 
sum  each  year  with  an  equal  amount. 

The  wording  of  the  Act  is  such  that  the  funds  necessary  to  meet  the 
federal  ftinds  may  be  appropriated  by  the  Legislature  or  by  counties  or 
mtmidpalities,  or  they  may  be  contributed  by  private  individuals  or  by 
groups  of  individuals.  In  all  cases,  however,  the  funds  contributed 
within  the  State  must  be  turned  over  to  the  State  College  of  Agriculture, 
since  that  is  the  responsible  agent  handling  the  funds  under  the  terms 
of  the  Act.  The  Legislattire  of  the  State  of  New  York  was  not  in  session 
when  the  Act  was  finally  passed  in  19 14.  Under  the  terms  of  the  Act, 
however,  the  Governor  of  the  State  accepted  the  same,  and  designated 
the  State  College  of  Agriculture  at  Cornell  University  as  the  recipient 
of  the  fimds,  and  a  memorandum  of  understanding  was  entered  into 
between  the  New  York  State  College  of  Agriculture  and  the. United 
States  Department  of  Agriculttire,  regarding  the  extension  work  in  agri- 
culture and  home  economics  in  the  State. 

The  extension  service  of  the  College  may  be  defined  as  all  those  enter- 
prises to  help  the  people  on  the  farms  and  in  their  own  homes  to  solve 
the  problems  of  better  living  and  better  farming.  It  has  no  features 
of  exploitation.  The  very  aim  of  the  work  presupposes  knowledge  to  be 
disseminated.  The  best  types  of  extension  work  are  those  that  result 
in  some  permanent  educational  advancement. 

In  formulating  the  plans  for  extension  work  under  the  terms  of  the 
Lever  Act,  it  is  proposed  to  coordinate  all  these  activities.  The  work 
will  be  conducted  in  accordance  with  a  definite  plan  of  project  and  sub- 
project  statements,  as  required  by  the  Federal  Government.  These 
projects  and  subprojects  will  show  the  details  of  the  work  and  the  relation- 
ships established  between  the  various  departments. 

There  were  held,  in  the  season  19 14-15,  forty-seven  farm  demon- 
stration schools  in  twenty-six  coimties.  The  total  enrollment  was  1741, 
the  average  enrollment  37,  and  the  average  attendance  per  session  25. 
In  Farmers'  Week  there  were  3  50  lectures  and  demonstrations.  Altogether, 
there  were  approximately  1186  meetings  in  which  the  work  of  the  College 
was  presented  to  the  public.  Many  farms  and  farm  homes  are  reached 
through  correspondence,  there  being  over  twenty  thousand  letters  sent 
out  each  year  from  the  Department  of  Extension  Teaching  alone.  In 
addition  to  the  farm  demonstration  schools  enumerated  above,  there 
were  thirty-eight  demonstration  schools  in  home  economics.  Some  56,000 
persons  were  reached  through  the  reading  courses.    Another  method 
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that  reached  more  than  six  thousand  persons  was  through  demonstration 
cars.    Pour  such  cars  were  sent  out  during  the  year. 

The  Department  of  Home  Economics  has  recognized  the  need  of  helping 
farm  women  and  girls  by  making  living  conditions  easier  and  pleasanter. 
More  and  more  the  Farmers'  Week  conferences  are  being  attended,  not 
only  by  the  farmers  themselves,  but  also  by  their  wives  and  daughters. 

WORK  OF  THE  FARM  BUREAUS 

On  May  i,  1915,  there  were  thirty  organized  farm  bureaus  in  New 
York  State.  These  farm  bureaus  are  managed  by  associations  of  farmers 
in  the  county  through  an  executive  committee,  which  usually  consists  of 
seven  men.  The  actual  work  of  the  n^mager  in  the  field,  his  demonstra- 
tions, meetings,  and  other  activities,  are  carried  on  by  means  of  an  advisory 
council  composed  of  a  representative  in  each  community.  The  total 
number  of  these  officers  and  committeemen  who  are  cooperating  with  the 
managers  in  carrying  forward  this  work  is  about  1 100.  The  total  member- 
ship in  the  associations  controlling  the  work  in  the  counties  is  approx- 
imately 9000. 

The  total  estimated  resources  for  the  coming  year  are  $107,271,  or 
a  little  less  than  $4000  per  county.  This  is  an  increase  of  approximately 
$16,000  over  19 1 4,  when  the  average  resom-ces  per  county  amotmted  to 
$3500,  of  which  $3185  was  expended. 

Some  very  effective  demonstration  work  has  been  organized  and  carried 
out  during  the  spring.  As  an  example  of  this  work,  Manager  Merchant's 
campaign  for  the  control  of  oat  smut  in  Montgomery  County  may  be 
mentioned.  At  14  oat  smut  demonstrations,  attended  by  396  farmers, 
Mr.  Merchant  himself  treated  900  bushels  of  oats,  sufficient  to  plant 
400  acres.  The  men  who  attended  these  demonstrations  and  who  were 
influenced  to  treat  the  seed  for  their  oat  acreage  will  plant  a  total  of  about 
5000  acres  this  spring.  In  another  case,  in  Dutchess  County,  Manager 
Lacy  has  secured  pledges  and  given  instructions  for  the  treatment  of 
seed  oats  to  plant  nearly  1500  acres.  In  Cattaraugus  County,  at  11 
demonstrations  held  by  Manager  Crofoot,  with  Professor  Barrus,  of  the 
College,  assisting,  pledges  were  secured  for  the  treatment  of  the  oats 
to  plant  800  acres.  In  Monroe  County,  Manager  Toan  held'  16  pruning 
demonstrations  attended  by  580  men.  These  are  good  examples  of 
similar  demonstration  work  being  carried  on  throughout  the  State.  It  is 
expected  that  at  least  2000  demonstrations  will  be  held  in  the  31  farm 
bureau  counties  this  year,  and  if  the  present  rate  of  attendance  at  these 
keeps  up,  not  less  than  10,000,  and  perhaps  15,000,  persons  will  have 
their  attention  called  to  this  work. 
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ORGAinZATION  OF  AN  INFORMATIONAL  SBRVICB 

Beginning  with  the  middle  of  December,  1914,  the  College  organized 
a  new  Informational  Service  for  the  purpose  of  securing  a  wider  dissemina- 
tion of  the  facts  gathered  through  the  research  work  of  the  College  and  the 
experiment  station.  Since  most  farmers  are  rea:ding  the  agricultural 
journals  and  the  rural  press  generally,  it  was  thought  that  the  College 
might  develop  a  plan  of  giving  helpful  and  timely  information  through 
these  papers. 

This  is  no  more  than  a  logical  third  step  in  the  development  of  the 
College's  teaching.  The  first  step  was  the  teaching  of  resident  students 
at  the  College;  the  second  step  came  about  through  the  development  of 
the  extension  work;  in  the  third  step,  it  is  intended  that  the  Informational 
Service  shall  reach  a  much  larger  audience  through  mediums  which  are 
read  by  practically  every  one  who  reads  at  all. 

Four  months  of  work  already  done  indicate  a  strong  spirit  of  coopera- 
tion on  the  part  of  the  press  of  the  State.  The  papers  have  freely  used 
the  material  sent  out  from  the  College,  and,  from  actual  news  clippings 
received,  a  total  circulation  of  more  than  twenty-five  million  separate 
printings  for  the  various  items  has  been  obtained.  These  figures  mani- 
festly represent  only  a  portion  of  the  printings  of  information  sent  out 
by  the  College.  The  total  circulation  of  the  College's  regular  publica- 
tions of  all  sorts  —  circulars,  bulletins,  reading-course  lessons,  and  the 
like  —  is  between  two  and  three  million  copies  a  year.  It  can  be  seen, 
therefore,  that  the  Informational  Service  reaches  a  vastly  larger  ntmiber; 
and  its  cost,  as  compared  to  that  of  other  more  formal  documents,  is 
almost  negligible. 

The  single  purpose  governing  the  work  is  to  give  help  to  the  persons 
who  read  the  item;  always  the  matter  is  presented  in  the  briefest  and 
clearest  form.  It  carries  with  it  no  exploitation  of  the  institution  or  of 
any  individual.  Its  sole  aim  must  be  to  benefit  the  reader,  not  the  person 
who  sends  it  out. 

The  work  has  already  been  productive  of  tangible  results ;  it  has  brought 
about  a  more  general  and  more  intelligent  demand  for  the  publications 
issued  by  the  College;  it  has  measurably  increased  attendance  at  farmers' 
meetings  and  demonstration  schools;  and  it  has  invoked  larger  and  more 
general  appeals  to  the  College  for  specific  information  on  farm  problems. 

FARM  PRACTICE  IN  AGRICULTURAL  EDUCATIONAL  WORK 

The  New  York  State  College  of  Agrioilture  has  heretofore  followed  a 
plan,  so  far  as  it  was  practicable,  of  encouraging  students  without  farm 
practice  experience  to  get  it  through  stimmer  work  on  farms.  It  has  not 
been  possible  to  organize  this  work  in  a  systematic  way,  hence  a  con- 
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siderable  number  of  the  students  have  failed  to  get  the  required  practice; 
and  the  work  and  the  rdations  to  the  College  of  those  who  did  go  on 
farms  not  under  the  College's  supervision  have  not  been  all  that  could  be 
desired.  A  plan  has  been  perfected  and  was  put  in  operation  on  April  i, 
1915,  whereby  the  work  will  be  systematically  organized  and  carried  on 
under  the  supervision  of  Professor  A.  C.  King,  who  has  been  appointed 
Professor  of  Farm  Practice  in  the  Department  of  Farm  Practice.  Pro- 
fessor King's  first  work  is  the  making  of  a  list,  or  inventory,  of  private 
farms  whose  owners  are  sympathetic  toward  students  and  will  be  willing 
to  give  them  a  trial  and  to  pay  wages  that  are  fair  for  the  work  performed. 
Each  farm  must  be  personally  visited  by  Professor  King,  the  owner  inter- 
viewed, and  the  plan  thoroughly  discussed  and  understood.  The  farms 
will  be  situated  so  that  the  students  will  get  a  variety  of  work  and  experi- 
ence. They  will  represent  the  average  in  equipment  and  management. 
Reports  from  both  students  and  employers  will  be  regularly  received,  and 
a  systematic  plan  of  follow-up  procedure  will  be  maintained. 

CHANGES  IN  COLLEGE  STAFF 

There  have  been  but  few  changes  in  the  professional  staff  during  the  year. 
Professor  Bristow  Adams,  of  the  United  States  Forest  Service,  was 
appointed  Professor  of  Extension,  Information  Service.  Dr.  Cornelius 
Betten,  of  Lake  Forest  University,  was  appointed  Secretary,  with  the 
title  of  Professor,  the  appointment  to  take  effect  on  April  i,  191 5.  He 
succeeds  Professor  A.  R.  Mann,  who  has  been  appointed  to  the  position 
of  Professor  of  Rural  Social  Organization.  Professor  Charles  S.  Wilson, 
head  of  the  Department  of  Pomology,  resigned  on  April  i,  19 15,  to  become 
Commissioner  of  Agriculture  of  the  State  of  New  York.  Cornell  Uni- 
versity and  the  College  of  Agriculture  are  honored  for  the  second  time 
by  the  selection  of  one  of  its  staff  for  this  high  office. 

Professor  A.  C.  King,  of  Trumansbtirg,  was  appointed  Professor  of 
Farm  Practice,  the  appointment  becoming  effective  on  April  i,  1915. 
Professor  King  is  a  graduate  of  Cornell  University,  College  of  Agriculture, 
class  of  1899,  and  has  assisted  in  the  extension  work  of  the  College  for  the 
past  three  years. 

BinLDINGS  AND  EQUIPMBNT 

Since  the  organization  of  the  State  College  of  Agriculture  there  has  been 
expended  or  appropriated  for  buildings  $1,248,200,  and  for  equipment 
$228,000,  making  a  total  for  buildings  and  equipment  of  $1,476,200. 
During  the  year  the  Agronomy  Building,  costing  $100,000  (not  including 
$20,000  for  equipment),  has  been  completed  and  is  occupied.  The 
Animal  Husbandry  Building,  costing  $91,000  (with  $20,000  for  equipment), 
has  also  been  occupied.     The  Stock  Judging  Pavilion,  costing  $38,000, 
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has  been  finished  and  is  now  in  iise.  The  auxiliary  poultry  buildings, 
costing  $25,000,  are  now  nearing  completion.  Contracts  for  additions 
to  the  greenhouses,  costing  $30,000,  have  been  let,  and  plans  for  tool, 
pig,  and  sheep  bams  are  practically  ready  to  be  advertised  for  bids.  A 
portion  of  the  main  timnds  and  underground  mains  for  the  heating  system, 
costing  $3S,ooo,  was  completed  on  May  5.  Plans  for  a  Plant  Industry 
Building,  for  which  provision  was  made  at  the  last  session  of  the  Legis- 
lature, are  now  being  niade  by  architects  under  the  supervision  of  the 
State  Architect.     . 

KBGISTRATION  OF  SnTDBlffTS  IN  THE  COLLEGE  OF  AGSICULTUEE  FOR  THE  TEAR 

1914-1915 

The  registration  of  students  in  the  College  of  Agriculture  for  the  year 
1914-15  (including  the  winter  courses  and  the  1914  summer  school)  is 
as  follows: 

Graduate  students 168 

Regular  students: 

Freshmen 550 

Sophomores 388 

Juniors 331 

Seniors 275 

1,544 

Special  students 124 

Total  fuU-year  students i  ,836 

Winter  courses: 

Agriculture  (General) 269 

Dairy  Industry 108 

Poultry  Husbandry 69 

Fruit  Growing 42 

Home  Economics 39 

Vegetable  Gardening 14 

Flower  Growing 8 

549 

Summer  School  (1914) 388 

Total 2,773 

Respectfully  submitted, 

BEVERLY  T.  GALLOWAY, 
Dean  of  the  New  York  State  College  of  Agriculture, 
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INFORMATION  SERVICE 

With  the  beginning  of  the  calendar  year  an  Information  Service  was 
established  in  the  College  of  Agriculture,  which  took  over  the  editorial 
work  on  publications  of  the  Experiment  Station  and  of  the  College,  and 
in  fact  all  the  effort  that  had  to  do  with  the  contact  between  the 
College  and  the  people  of  the  State  by  means  of  the  printed  word. 
The  two  general  lines  of  work  which  it  has  carried  forward  have  been, 
first,  the  editorial  revision  of  established  publications,  and  second,  an 
Information  Service  through  the  agricultural  and  rural  press  of  the  State. 

The  Information  Service  has  been  a  success  from  the  start,  because  the 
newspapers  have  cooperated  to  a  marked  degree  in  givifig  space  for 
helpful  and  timely  information  for  advancing  the  rural  interests  of  the 
State.  The  results  of  this  service  have  been  shown  in  a  larger  and 
more  intelligent  demand  for  the  publications  of  the  College  and 
the  Experiment  Station,  and  in  an  increase, in  the  use  of  the  facilities 
which  the  College  has  for  aiding  the  farmer  and  the  farmer's  wife. 

Through  a  press  clipping  service  it  has  been  possible  to  get  an  indication 
of  the  use  which  has  been  made  of  the  information  sent  out.  This  in- 
formation has  had  as  its  sole  aim  the  advancement  of  the  interests  of  the 
farmer,  and  has  consistently  avoided  any  exploitation  of  the  institution 
or  of  individuals.  The  aggregate  circulation  of  items,  as  shown  by  press 
clippings  up  to  October  i,  was  more  than  twenty-five  million  actual  print- 
ings, based  on  the  circulation  of  the  papers  in  which  the  various  items 
appeared.  It  is  proposed  to  develop  the  Service  even  further  for  the 
poptdar  dissemination  of  useful  facts.  A  large  part  of  the  knowledge  ac- 
quired by  the  Cornell  investigators  can  be  made  readily  available  in  this 
way  without  the  expense  and  formality  of  a  pretentiovis  bulletin  or  cir- 
cular; also,  some  of  the  information,  in  order  to  be  of  value  to  the  farmers, 
has  to  be  given  out  immediately.  For  all  such  material  the  cooperation 
of  the  press  of  the  State  has  proved  of  inestimable  value. 

REPORT  ON  EDrrORUL  WORK 

October  i,  1914,  to  September  30,  19 15 

Number 

of  pages  Number 

in  of  copies 

printed  printed 

Dulletin 
bulletins: 
283  (Second  revised  reprint)  The  control   of  insect   pests 
and  plant  diseases  (Departments  of  Entomology  and 

Plant  Pathology) 38  10,000 

291   (Revised  reprint)  The  apple  redbugs  (Department  of 

Entomology) 16  16,000 


[xxi] 
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BULLETINS  {continued): 

353  The  interior  qtiality  of  market  egg^  (Department  of 

Poultry  Husbandry) 

354  Further  experiments  in  the  dusting  and  spraying  of 

apples  (Departments  of  Plant  Pathology  and  Ento- 
mology)   

355  Two  factors  causing  variation  in  the  weight  of  print 

butter  (Department  of  Dairy  Industry) 

356  The  control  of  apple  insects  in  Clinton  County  (Depart- 

ment of  Entomology) 

357  The  cost  of  milk  production  (Department  of  Animal 

Husbandry) 

358  Some  important  leaf  diseases  of  nursery  stock  (Depart- 

ment of  Plant  Pathology) 

359  Some  external  parasites  of  poultry,  with  special  refer- 

ence to  Mallophaga;  with  directions  for  their  control 
(Department  of  Entomology) 

360  Variation  in  the  tests  for  fat  in  cream  and  skimmed 

milk  (Department  of  Dairy  Industry) 

361  The  home  grotmds  (Department  of  Landscape  Art) . . . 

Total 

memoirs: 

5  Physiological  studies  of  Bacillus  radicicola  of  Canada  field 

p^  (Department  of  Botany) 

6  Pusaria  of  potatoes  (Department  of  Plant  Pathology) . . . 

7  Senile  changes  in  leaves  of  Vitis  vulpina  L.  and  certain 

other  plants  (Department  of  Botany) 

8  A  bacterial  disease  of  stone  fruits  (Department  of  Plant 

Pathology) 

Total 

aRCULARS: 

12  (Revised  reprint)  The  chemical  analysis  of  soil  (Depart- 
ment of  Soil  Technology) 

27  The  curing  of  meat  and  meat  products  on  the  farm  (De- 

partment of  Animal  Husbandry) 

28  Apple  cankers  and  their  control  (Department  of  Plant 

Pathology) 

29  Poultry  parasites:  some  of  the  external  parasites  that 

infest  domestic  fowls,  with  suggestions  for  their  con- 
trol (Department  of  Entomology) 

30  Methods  of  making  some  of  the  soft  cheeses  (Depart- 

ment of  Dairy  Industry) 

31  Pall  spraying  for  peach  leaf  curl  (Department  of  Plant 

Pathology) 

Total 

READING  COURSE  LESSONS  FOR  THE  FARM: 

74  Introduction  to  the  principles  of  soil  fertility  (Depart- 
ment of  Soil  Technology; 

Supplement 

76  Bir^  in  their  relation  to  agriculture  in  New  York  State 

(Department  of  Entomology) 

Supplement 


Number 
of  pages 

in 
printed 
bulletin 


48 


40 

24 
144 


490 


436 


4 
16 
12 

12 

24 
12 
80 


16 
2 

40 
4 


Number 

of  copies 

printed 


60,000 


48 

16,000 

16 

10,000 

20 

5»o«> 

32 

50,000 

64 

7,000 

5.000 

6,000 
3o;ooo 


215,000 


188 

5,000 

7,000 

100 

7,000 

64 

7.500 

26,500 


6,000 

5.000 
25,000 

60,000 

6,000 

15.000 


117,000 


50,000 

(45,000) 

50,000 
(45,000) 
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READING  COURSE  LESSONS  FOR  THE  FARM  (cOfUinued) : 

78  Land  drainage  and  soil  efficiency  (Department  of  Soil 

Technology) 

Supplement 

80  Incubation  (Department  of  Poultry  Husbandry) . . 

Supplement 

82  Cream  separation  (Department  of  Dairy  Industry) 

Supplement 

84  Insects  injurious  to  the  fruit  of  the  apple  (Department 

of  Entomology) 

Supplement • 

86  The  production  of  clean  milk  (Department  of  Dairy 

Industry) 

Supplement 

88  Feeding  young  chickens  (Department  of  Poultry  Htis- 

ban(£y) 

Supplement 

90  Alfalfa  for  New  York  (Department  of  Farm  Crops) 

Supplement 

92  Summer  care  of  the  home  vegetable  garden  (Depart- 
ment of  Vegetable  Gardening) 

Supplement 

94  The  farm  fishpond  (Department  of  Entomology) 

Supplement 

96  The  surroimdings  of  the  farm  home  (Department  of 

Landscape  Art) 

Supplement 

Total 

READING  COURSE  LESSONS  FOR  THE  FARM  HOME: 

73  Making  cake. —  Part  I  (Department  of  Home  Economics) 
Supplement 

75  Making  cake. —  Part  II  (Department  of  Home  Eco- 
nomics)   '. 

Supplement 

77  Songs  that  live  (Department  of  Home  Economics) 

(No  supplement) 

79  Programs  for  use  in  study  clubs  (Department  of  Home 

Economics) 

(No  supplement) 

81  Potatoes  in  the  dietary   (Department  of  Home  Eco- 

nomics)   

Supplement 

83  Raising  v^etables  for  canning  (Department  of  Vegetable 

Gardening) 

Supplement 

85  The  arrangement  of  household  furnishings  (Department 

of  Home  Economics) 

Supplement 

87  The  decorative  use  of  flowers  (Department  of  Home 

Economics) 

(No  supplement) 

89  Beans  and  similar  vegetables  as  food  (Department  of 

Home  Economics) 

Supplement 

*So]>pIementa  not  included,  as  printed  with  lessons. 


Number 
of  pages 

in 
printed 
bulletin 


16 

A 

4 
20 

4 

24 

4 

16 

4 

20 

4 
16 


16 

4 
40 

4 

24 
4 


20 
2 

24 

4 

32 


24 


Number 

of  copies 

printed 


60,000 
(55.000) 

60,000 
(55.000) 

35.000 
(30.000) 

50,000 
(45,000) 

60,000 
(55,000) 

60,000 
(55.000) 

50.000 
(45.000) 

50,000 
(45,000) 

50,000 
(45,000) 

60,000 
(55.000) 


322       ♦635.000 


50,000 
(50,000) 

50,000 

(50,000) 

60,000 


50,000 


16 

4 

50,000 
(50,000) 

24 

4 

50,000 
(50,000) 

12 

4 

55.000 
(55.000) 

28 

50,000 

20 

4 

50,000 
(50.000) 
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READING  COURSE  LESSONS  FOR  THE  FARM  HOME  (continued)  I 

91   The  daily  life  of  primitive  woman    (Department   of 

Home  Economics) 

(No  supplement) 
93  Farm    home    demonstration    schools    (Department    of 

Home  Economics) 

Supplement 

95  The  fireless  cooker  and  its  uses  (Department  of  Home 

Economics) 

Supplement 

Total 

RURAL  SCHOOL  LEAFLETS: 

November,  19 14  (Department  of  Rural  Education) 

January,  191 5  (Department  of  Rural  Education) 

March,  191 5  (D^jartment  ot  Rural  Education) 

September,  191 5  (Department  of  Rural  Education) 

Total 

ANNUAL  REPORT  FOR  1914  (in  two  volumes) 

ANNOUNCEMENTS : 

Regular  announcement  of  courses 

Announcement  of  winter  courses 

Total 

FARM  BUREAU  ORCULARS: 

5  Niagara  county:  an  account  of  its  agriculture  and  of  its 

farm  bureau 

6  Summary  report  of  farm  bureau  work  in  New  York  State 

for  the  calendar  year  1914 

Total 

EXTENSION  circulars: 

3  (Revised  reprint)  Means  by  which  the  State  College  of 
Agriculture  is  endeavoring  to  serve  the  farmers  of  New 
York  (Department  of  Extension  Teaching) 

9  The  department  of  vegetable  gardening  and  its  work 
(Department  of  Vegetable  Gardening) 

10  Cooperation  in  agriculture,  and  the  factors  that  make  for 

success  (Beverfy  T.  Galloway,  Dean) 

1 1  (No  circular  numbered  11) 

12  A  cooperative  demonstration  in  the  establishment  of  new 

seedings  (Department  of  Farm  Crops) 

13  A  cooperative  demonstration  in  the  establishment   of 

alfalfa  (Department  of  Farm  Crops) 

14  A  cooperative  demonstration  of  the  value  of  commercial 

fertilizer  for  top-dressing  old  meadows  (Department  of 
Farm  Crops) 

15  Courses  in  forestry  at  Cornell  (Department  of  Forestry) . 

Total 

^Supplements  not  included,  as  printed  with  lessons. 


Number 
of  pages 

in 
printed 
bulletin 


56 

16 
4 

24 

4 


2,631 


76 
40 


116 


24 

_84 

108 


3 
13 


42 


Number 

of  copies 

printed 


50,000 


50,000 
(50,000) 

50,000 
(50,000) 


326       •615,000 


32 

200,000 

24 

200,000 

48 

200,000 

340 

55.000 

444  655,000 


2,000 


18,000 
9,000 


27,000 


4,000 
10,000 


14,000 


4 

7.500 

8 

3.000 

6 

10,000 

4 

500 

4- 

500 

500 
5.000 


27,000 
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miscellaneous: 

Dean*s  report  to  President 

Report  of  the  Dean  of  the  New  York  State  College  of  Agri- 
culture (Sepkarates) 

Handbook  of  information  for  students  in  agriculture 

Total 

NEWS  ITEMS: 

One  hundred  and  forty-nine  news  items  were  issued,  with  an  aggregate  circulation, 
aooording  to  actual  clippings  received,  of  not  less  than  28,179,297. 

SUMMARY 


Nimiber 
of  pages 

m 
printed 
bulletin 

Number 

of  copies 

printed 

44 

27,000 

25 

32 

500 
1,200 

lOI 

28,700 

Total 
number 


Total 
pages 


Copies 
printed 


Experiment  station  bulletins 

Experiment  station  memoirs 

Experiment  station  circulars 

Reading  course  lessons  for  the  farm 

Reading  course  lessons  for  the  farm  home 

Rural  ^ool  leaflets 

Annual  report 

Announcements 

Farm  bureau  circulars 

Extension  circulars 

Miaodlaneous 

Total 

News  items  149,  circulation  28,179,297, 


II 

4 

6 

12 

12 

4 
I 
2 

2 
7 
3 


.     490 

322 
326 

444 
2.631 
116 
108 
42 
1 01 


5.096 


215,000 

26,500 

117,000 

•635,000 

♦615,000 

655,000 

2,000 

27,000 

14,000 

27,000 

28,700 


2,362,206 


^Soppkoieiiti  not  inchided  in  number  of  oc^ies,  as  minted  with  lessons. 


BRISTOW  ADAMS, 

Professor  of  Extension. 
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DEPARTMENT  OF  FARM  MANAGEMENT 

TBACHINO 

The  Department  of  Farm  Management  offered  for  the  first  time  this 
year  a  course  in  the  third  term.  The  enrollment  for  the  year  was  as 
follows:  first  term,  379;  second  term,  328;  third  term,  31;  winter  course, 
254;  total  imdergraduate  enrollment  992,  an  increase  of  44  over  the  figures 
for  the  preceding  year;  graduate  students,  19. 

EXTENSION 

In  cooperation  with  the  United  States  Department  of  Agriculture,  farm 
efficiency  demonstration  work  was  begun  in  the  past  year.  An  assistant 
professor  and  an  instructor  have  cooperated  with  the  county  agents  in 
obtaining  financial  records  of  farms  in  16  counties.  The  work  for  the 
year  is  summarized  for  each  farm,  and  the  results  are  returned  to  the 
farmer  with  averages  for  other  farms  in  his  region  and  suggestions  for 
possible  improvement  based  on  the  way«  in  which  his  farm  differs  from 
the  average  and  from  the  more  successful  farms.  The  records  thus  far 
used  are  as  follows: 


County 


Number 

of 
records 


County 


Number 

of 
records 


Nassau 

Ukter 

Dutchess 

Clinton 

St.  Lawrence 

Jefferson 

Cayuga 

Tompkins. . . 
Chemimg.  .  . 


84 
78 
68 

lOI 

144 
102 

45(?) 

63 
I29(?) 


AU^gany 

Chautauqua . 

Niagara 

Monroe 

Herkimer 

Montgomery 

Otsego 

Oneida 

Cattaraugus . 


92 
23i(?) 
185 
106 

71 

75+ 
105 
60 
72 


One  instructor  has  spent  the  year  in  teaching  in  extension  schools  and 
at  fairs,  and  in  doing  other  forms  of  extension  work,  and  has  obtained 
records  from  115  farms  in  Broome  County  on  the  cost  of  producing  milk. 


nrVESTIGATION 


Work  on  agricultural  surveys,  and  the  study  of  successful  farms  found 
by  the  survey  method,  have  been  continued.  The  cost  of  producing 
milk  and  the  cost  of  producing  potatoes  have  been  studied  by  the  survey 
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method.  Cost  accounts  are  being  kept  on  74  farms  in  the  State.  The 
farm  records  obtained  in  the  demonstration  work  will  ultimately  be  of 
use  in  investigative  work. 

G.  F.  WARREN, 
Professor  of  Farm  Management. 
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DEPARTMENT  OF  FARM  CROPS 

The  staff  of  the  Department  of  Farm  Crops  has  been  strengthened 
in  the  past  year  by  the  appointment  of  O.  W.  Dynes  as  instructor,  and 
of  John  H.  Barron  as  assistant -professor  in  charge  of  extension  teaching 
and  demonstration  work. 

TEACHING 

Through  the  appointment  of  an  instructor  and  of  additional  graduate 
assistants,  the  Department  has  been  able  this  year,  for  the  first  time, 
to  offer  advanced  work.  The  imdergraduate  work  has  also  been  con- 
siderably improved.  The  number  of  imdergraduates  registered  was 
319,  of  whom  32  were  for  the  stunmer  term;  the  graduate  students  num- 
bered 14.  

INYBSTTGATION 

The  classification  of  American  varieties  of  oats  has  been  completed 
and  is  ready  for  publication;  progress  has  been  made  toward  similar 
work  on  barleys  and  wheat.  Work  on  the  legumes  has  been  discontinued 
because  of  lack  of  funds.  The  principal  lines  of  study  with  silage  com, 
forage  grasses,  and  rotation  experiments,  have  been  continued  without 
change. 

EXTENSION 

The  appointment  of  Assistant  Professor  Barron  has  enabled  the  Depart- 
ment for  the  first  time  to  take  part  in  the  extension  activities  of  the 
College.  In  addition  to  work  in  the  demonstration  schools  for  four  months, 
Professor  Barron  has  started  some  three  hundred  cooperative  demonstra- 
tions with  farmers,  which  are  usually  carried  on  in  cooperation  with  the 
farm  bureaus,  and  most  of  which  are  planned  to  follow  up  the  work  of  the 
demonstration  schools.  Other  members  of  the  staflE  have  assisted  at 
several  cotmty  fairs,  on  two  demonstration  trains,  and  at  various  other 
meetings. 

E.  G.  MONTGOMERY, 

Professor  of  Farm  Crops, 
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DEPARTMENT  OF  FARM  PRACTICE 

The  reqtiirement  of  the  College  as  to  the  farm  experience  necessary 
for  its  students  led  to  the  appointment,  in  the  past  year,  of  Professor 
A.  C.  King  to  take  charge  of  the  students*  farm  practice  records,  the 
placing  of  students  on  farms,  and  the  giving  of  elementary  instruction  in 
farm  practice  so  that  when  students  are  placed  on  farms  as  helpers  they 
can  more  readily  make  themselves  useful  to  their  employers.  Professor 
King  took  up  this  work  on  April  i.  The  aim  has  been,  not  to  ntiaterially 
change  the  work  previously  done  or  the  manner  of  doing  it,  but  to  more 
thoroughly  systematize  it,  to  develop  the  details  and  perfect  the  records 
so  as  to  have  the  data  more  readily  available,  to  do  more  follow-up  work, 
and  especially  to  provide  more  facilities  and  help  for  giving  instruction 
and  practice  in  very  elementary  farm  work  on  the  college  farm. 

The  plan  is  to  provide  practice  for  one  period  each  week  throughout 
the  year,  without  university  credit,  to  75  freshmen  by  assignment.  This 
is  designed  to  train  city  boys  in  fundamental  farming  operations,  so  that 
they  will  be  of  more  value  to  the  men  to  whose  farms  they  go  for  further 
practice.  At  the  present  time  the  Department  has  records  and  is  following 
the  work  of  170  students  and  15  prospective  students  who  are  working  on 
farms  in  order  to  gain  experience.  The  Department  has  also  assisted  14 
graduates  or  former  students  to  find  places.  So  far  as  received,  the  reports 
from  students  and  their  employers  have  been  in  the  main  satisfactory. 
It  is  believed  that  the  closer  supervision  now  being  given  to  students 
working  on  farms,  in  connection  with  the  reports  now  required  from 
students  and  employers,  will  result  in  greater  benefit  to  the  students  and 
in  more  satisfactory  service  to  their  employers. 

Aside  from  the  work  done  by  this  Department  for  the  University,  for 
the  College,  and  for  the  various  departments,  it  has  conducted  active 
farming  operations  on  324  acres  of  land.  The  area  of  each  crop,  and  the 
products,  so  far  as  harvested,  are  as  follows: 


Crop 


Product 


Hay 

Corn  silage 

Oat  and  pea  silage. . . 
Oat  and  pea  forage. . . 

Oats 

Wheat 

Roots 

PdUtoes 

Wheat  and  oat  straw . 


437  tons 

381  tons 
81.55  tons 
20.12  tons 
4,336  bushels 

859  bushels 
41  tons 

104  tons    (approx.) 


J.  L.  STONE, 
Professor  of  Farm  Practice. 
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DEPARTMENT  OF  PLANT  BREEDING 

Progress  in  the  work  of  the  Department  of  Plant  Breeding  during  the 
past  year  has  been  made  along  two  lines,  teaching  and  investigation. 
Owing  to  a  lack  of  ftinds  the  third  line  of  college  eflEort,  extension  work, 
has  not  progressed  as  rapidly  as  the  situation  demands.  While  the 
activities  of  the  Department  are  organized  in  a  general  way  into  the  three 
groups  noted,  there  is  no  sharp  segregation  into  wholly  separate  divisions. 
The  members  of  the  staff  primarily  engaged  in  teaching  are  interested 
also  in  one  or  more  of  the  investigative  projects  of  the  Department;  like- 
wise the  men  whose  principal  work  is  investigation  are  all  connected  with 
the  work  of  instruction  in  its  graduate  phase.  There  is  no  one  in  the 
Department  who  is  responsible  primarily  for  extension  work.  While 
the  whole  staff  is  concerned  in  a  way  with  extension  activities,  the  burden 
of  this  work  during  the  past  year  has  fallen  on  two  men  whose  time  is 
devoted  largely  to  investigation. 

TEACHING 

Graduate  students  now  consult  with  the  several  members  of  the  staff 
before  registering,  and  all  applications  for  registration  are  considered  in 
staff  conferences.  The  results  of  this  practice  have  been  to  discourage 
the  registration  of  some  poorly  prepared  men  and  to  encourage  further 
preparation  on  the  part  of  others.  Registrations  have  been  distributed 
more  evenly  among  the  members  of  the  staff,  with  the  result  that  no  one 
man  is  overburdened  with  students,  and  graduate  work  can  therefore  be 
more  carefully  supervised. 

The  better  distribution  of  graduate  students,  the  material  increase  in 
funds  available  for  the  work  of  instruction,  and  increases  in  staff  for  under- 
graduate teaching,  have  made  possible  some  reorganization  of  courses, 
the  addition  of  new  courses,  and  greater  efficiency  in  general. 

The  number  of  undergraduate  enrollments  during  the  past  year  was  as 
follows:  first  term,  253;  second  term,  60;  third  term,  40;  summer  school, 
13;  winter  course,  28;  total  (including  duplicate  enrollments),  394.  The 
graduate  students  numbered  35. 

niVBSnOATION 

RESEARCH  UNDER  THE  ADAMS  ACT 

Notable  progress  has  been  made  in  studies  of  the  inheritance  of  characters 

in  crossbred  com,  wheat,  oats,  barley,  and  morning  glories.     Material 

has  accumulated  for  similar  studies  of  beans,  and  a  beginning  has  been  made 

in  hybridizing  potatoes. 

[xxx] 
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Second  and  third  generations  of  many  small-grain  hybrids  have  fur- 
nished material  for  a  study  of  the  inheritance  of  the  various  characters 
of  these  cereals.  A  number  of  particularly  interesting  hybrids  have  been 
obtained  by  crossing  the  common  cultivated  oats  with  wild  oats.  The 
results  from  crossing  diflEerent  species  of  wheat  have  given  valuable  infor- 
mation in  regard  to  the  Mendelian  behavior  of  various  characters,  and 
are  of  considerable  interest  in  connection  with  theories  concerning  the 
origin  of  the  cultivated  wheats. 

Definite  advance  has  been  made  in  the  identification  of  genetic  factors 
concemed  in  the  heredity  of  characters  in  com,  the  method  of  inheritaiice 
of  some  twenty  pairs  of  such  factors  having  been  determined.  A  begin- 
ning has  been  made  in  working  out  interrelations  of  these  factors.  It 
has  been  found,  for  instance,  that  nine  of  the  factor  pairs  in  com  can 
be  arranged  in  three  groups,  the  noembers  of  each  group  being  inherited 
more  or  less  together. 

The  pure-line  work  with  wheat  and  oats  has  continued  to  yield  valuable 
iofonnation  in  regard  to  the  possibility  of  the  inheritance  of  variations 
within  pure  lines.  The  correlation  studies  with  wheat  and  oats  have 
been  continued  in  cooperation  with  the  Missouri  and  Montana  experi- 
ment stations. 

The  study  of  the  amount  of  variation  within  tuber  lines  of  the  common 
potato  has  been  intensified  by  reducing  the  number  of  lines  that  are  grown 
and  by  making  more  detailed  observations  on  the  individuals  in  the  difEerent 
lines.  Offspring  of  single  eyes  have  been  grown  for  detailed  study  with 
especial  reference  to  color  variations.  The  material  for  the  comparison 
of  the  apical  and  basal  ends  of  seed  tubers  has  been  considerably  increased. 

In  connection  with  the  bud-variation  studies  with  timothy,  vegetative 
propagations  from  single  individuals  have  been  increased  as  rapidly  as 
possible  and  data  of  a  statistical  nature  have  been  collected. 

RESEARCH  UNDER  THE  HATCH  ACT  • 

The  improvement  of  the  small  grains  has  been  pushed  forward  rapidly. 
Many  of  the  rfder  selections  and  hybrids  have  been  tested  further  in 
regard  to  their- yield  and  other  qualities,  and  the  seed  of  some  of  these 
is  being  distributed  for  further  testing  by  the  farmers.  Many  new  selec- 
tions of  oats  have  been  grown  during  the  past  year,  and  some  of  these 
have  given  indications  of  being  very  good  in  yield  and  of  producing  strong 
straw.  A  large  number  of  new  head  selections  of  oats  were  grown  for 
the  first  time;  the  best  of  these  will  be  continued  in  further  tests.  In 
addition  to  these  selections,  many  hybrids  between  sorts  possessing 
desirable  characters  have  been  further  purified  in  preparation  to  making 
yield  tests.    In  the  work  with  wheat,  also,  numerous  selections  have 
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given  promise  of  a  high  jdeld  coupled  with  good  winter-resistant  qualities. 
Over  sixteen  hundred  new  selections  have  been  ntiade  from  wheatfields 
in  various  parts  of  the  State,  and  are  imder  test  with  a  view  to  improving 
the  tjrpe  of  wheat  now  grown. 

Coupled  with  the  regular  variety  test  of  these  sorts  and  the  study 
of  the  ability  of  the  various  ones  to  yield  well,  notes  are  also  being  taken 
in  regard  to  disease  resistance,  winter  resistance,  and  many  other  char- 
acters. 

In  the  study  of  methods  of  breeding  potatoes,  the  efficacy  of  hill  selection 
has  been  further  confirmed  by  the  results  of  another  year.  Good-yielding 
strains  that  have  been  isolated  are  now  being  propagated  by  mass  selection 
in  order  to  determine  how  long  they  will  continue  to  hold  up  without 
hill  selection.  New  stock  has  been  brought  in  and  new  selections  have 
been  made  for  the  purpose  of  producing  better  strains  for  general  use. 

In  connection  with  the  timothy  work,  the  comparative  testing  of  new 
varieties  has  been  increased  so  far  as  land  is  available.  Closely  inbred 
and  crossbred  seed  from  the  same  varieties  has  been  sown  this  year  for 
purposes  of  comparison. 

EXTENSION 

Various  activities  of  an  extension  nature  have  been  engaged  in  during 
the  past  year,  including  participation  in  field  meetings  and  demonstrations, 
help  in  conducting  a  potato  train,  exhibition  of  illustrative  material  at 
the  Stkte  Fair,  and  the  like.  Help  has  also  been  given  to  a  few  farm 
bureau  agents  and  to  several  farmers  in  planning  and  canying  out  practical 
breeding  work  with  com,  wheat,  oats,  potatoes,  and  cabbage.  Seed  of 
improved  wheat,  oats,  com,  and  timothy,  from  the  Hatch  experiments, 
has  been  distributed  to  farmers  in  various  sections  of  the  State.  In 
so  f  ar  £is  possible  the  Department  has  kept  in  touch  with  the  men  who  have 
received  this  seed,  with  the  aim  of  assisting  in  wider  distribution  of  that 
which  has  proved  valuable. 

R.  A.  EMERSON, 
Professor  of  Plant  Breeding, 
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DEPARTMENT  OF  BOTANY 

TBACHINO 

The  total  amount  of  instruction  given  during  the  past  year  shows  a 
substantial  increase  over  that  of  the  preceding  year.  New  courses  were 
given  in  histology  and  cytology,  and  a  course  in  lichens,  mosses,  liver- 
worts, and  ferns  was  given  in  the  summer  session.  The  introductory 
course  in  general  botany  was  given  for  the  first  time  as  a  one-semester 
course.  Owing  to  lack  of  facilities,  the  registration  in  this  course  was 
limited  to  338  students.  The  introductory  cotirse  in  plant  physiology 
showed  a  marked  increase  in  registration. 

The  enrollment  for  the  year  was  as  follows:  first  term,  410;  second 
term,  248;  third  term,  58;  summer  session,  120;  total  imdergraduate 
registration,  836;  graduate  students,  57. 

At  the  beginning  of  the  year,  J.  K.  Wilson,  instructor  in  plant  physiology, 
was  appointed  assistant  professor  of  soil  technology.  A.  J.  Eames  was 
promoted  from  an  instructorship  to  an  assistant  professorship,  and  L.  W. 
Sharp  and  J.  Rosenbaum  were  appointed  instructors. 

DTVESTIGATION 

The  number  of  persons  engaged  in  investigation  during  the  year,  in- 
cluding members  of  the  staff  and  graduate  students,  was  approximately 
thirteen.  Owing  to  the  large  amount  of  time  required  for  the  instructional 
work  of  the  Department,  but  little  progress  in  research  has  been  made 
during  the  year. 

BXTBICSIOIC 

The  extension  work  of  the  Department  has  been  confined  to  three 
lines  of  work,  as  follows: 

1.  Correspondence  with  farmers  and  others  in  regard  to  weed  identifi- 
cation, weed  extermination,  legume  inoculation,  and  like  matters.  Letters 
relating  to  weeds  numbered  280;  those  relating  to  legume  inoculation 
amounted  to  2200. 

2.  The  suppljring  of  cultures  containing  organisms  for  inoculation  of 
the  soil  in  preparation  for  legimiinous  crops.  Cultures  were  sent  to 
farmers  of  the  State,  on  request,  at  a  nominal  price  to  cover  the  cost,  the 
number  of  cultures  distributed  being  7025.  This  work  has  increased 
so  rapidly  as  to  overtax  the  facilities  of  the  Department. 

3.  Lectures  and  demonstrations.  Lectures  on  legume  inoculation  were 
given  in  Farmers*  Week  in  February.  An  exhibit  of  legume  inoculation 
was  shown  at  the  College  during  Farmers'  Week,  and  at  the  State  Fair 
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in  September.    An  exhibit  of  several  hundred  weeds  growing  in  New 
York  State  was  shown  during  Farmers'  Week. 

lSSCOMMBNDAT[ONS 

The  principal  needs  of  the  Department  are  as  follows: 

There  should  be  at  least  three  more  laboratories  —  two  capable  of 
accommodating  twenty  students  in  general  botany,  and  one  for  a  section 
in  plant  physiology. 

The  staff  should  be  increased  by  at  least  three  assistants  or  instructors. 

There  is  need  of  more  office  space,  and  also  more  space  for  herbarium, 
laboratory  material,  and  other  collections.  Every  available  comer  is 
now  filled  and  expansion  is  impossible. 

A  conservatory  should  be  provided,  to  contain  illustrative  material  to  be 
used  in  class  work.  Such  plants  must  be  available  in  the  classroom  during 
cold  weather. 

A  small  botanical  garden  is  needed,  in  which  could  be  found  at  least 
the  common  illustrative  material  used  in  instruction  in  botany. 

K.  M.  WIEGAND, 

Projessor  of  Botany. 
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DEPARTKENT  OF  PLANT  PATHOLOGY 

TBACHDfO 

In  the  Department  of  Plant  Pathology  much  time  has  been  given  in 
the  past  year  to  revision  of  the  regular  courses  and  to  the  collection  and 
preservation  of  new  material  for  illustrating  the  work.  The  total  number 
of  students  registered  in  the  various  courses  shows  an  increase  of  72  over 
that  of  the  preceding  year,  the  increase  being  mainly  in  the  general  intro- 
ductory course.  There  were  25  graduate  students  registered  in  the 
Department. 

nTVBSnOATIOll 

Of  the  eighteen  distinct  lines  of  investigation  reported  last  3rear,  nine 
have  been  carried  along  and  are  to  be  continued.  These  are  the  studies 
of  bean  anthracnose,  truck  diseases,  forest  tree  diseases,  apple  tree  canker, 
diseases  of  gladiolxis,  cereal  smuts  and  their  control,  and  diseases  of  the 
peony ;  mycological  researches ;  and  envirotmiental  studies.  The  remaining 
nine  problems  have  been  discontinued  or  completed. 

The  following  new  lines  of  investigation  have  been  undertaken  during 
the  year: 

Root  diseases  op  beans. —  An  investigation  of  some  bean  diseases 
of  obscure  origin  has  been  undertaken.  The  work  is  made  possible  through 
the  financial  cooperation  of  the  Bean  Growers'  Association  of  the  Wyoming 
County  Farm  Bureau.  At  lea§t  two  pathogenic  fimgi  have  been  definitely 
connected  with  the  diseases. 

Cabbage  diseases. —  An  investigation  of  the  diseases  of  cabbages  in 
the  State  of  New  York,  espedaUy  the  dub  root  disease,  has  been  under- 
taken. The  chief  aim  is  to  ascertain  some  of  the  difficult  and  unknown 
facts  in  the  life  history  of  the  pathogene,  and  to  perfect  a  more  satis- 
factory method  for  the  control  of  the  disease. 

Mycological  researches. —  A  number  of  mycological  studies  have 
been  imdertaken  by  different  members  of  the  stalBE  on  various  parasitic 
fungi  attacking  wild  and  cultivated  plants.  These  studies  are  in  the  nature 
of  life  history,  cytologic  work,  and  taxonomic  work. 

The  fungous  flora  of  timothy  and  other  grasses. —  A  long-time 
investigation  has  been  begun  for  determining  the  relation  of  pathogenic 
fungi  to  reduced  3delds  and  crop  failures  of  grasses  and  crop  plants. 

Potato  diseases. —  Investigations  of  potato  diseases  have  been  under- 
taken, especially  on  the  necrosis  and  the  wilt  diseases  as  they  occur  in  the 
State  of  New  York. 
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Vegetable  diseases. —  By  a  cooperative  arrangement  with  Rochester 
University,  investigations  of  vegetable  diseases  have  been  undertaken. 
The  work  is  being  done  in  the  biological  laboratories  of  Rochester  Uni- 
versity and  in  adjacent  greenhouses  in  the  Irondequoit  section.  The 
studies  have  to  do  largely  with  the  diseases  of  greenhouse  cucumbers, 
tomatoes,  and  celery. 

Peach  yellows. —  An  investigation  into  the  etiology  of  peach  yellows 
has  been  tmdertaken. 

Cedar  rust. —  A  careful  study  is  being  made  of  the  life  history  of  the 
local  species  of  the  genus  Gymnosporangivmi,  producing  cedar  rust.  Some 
of  these  species  are  very  destructive  to  pomaceous  fruit  in  some  sections. 

EXTENSION 

In  the  past  year,  184  places,  representing  112  localities  in  26  counties, 
have  been  visited,  as  compared  with  186  places,  representing  126  localities 
in  30  counties,  visited  the  preceding  year..  Of  these  184  visits,  75  were 
made  at  the  request  of  or  in  cooperation  with  the  farm  bureau  managers. 

Lessons  on  plant  diseases  have  been  given  at  extension  schools  held  at 
six  places  in  the  State. 

Demonstration  meetings  have  been  held  in  different  parts  of  the  State 
for  the  piupose  of  demonstrating  control  of  oat  and  wheat  smut,  treatment 
of  seed  ix)tatoes,  preparation  of  bordeaux  mixture,  spraying  and  dusting 
apple  trees,  spraying  iX)tatoes,  rouging  of  iX)tato  diseases,  and  dusting 
for  control  of  hop  mildew.  The  dusting  of  hops  for  mildew  was  con- 
tinued under  a  special  extension  project  for  the  control  of  plant  diseases 
by  spraying  and  dusting.  Comparative  ix)tato  spraying  experiments 
have  been  conducted  in  two  counties. 

Aside  from  the  exhibits  annually  shown  at  the  fruit  growers'  association 
meetings  and  the  State  Fair,  exhibits  have  been  made  at  county  fairs  and 
at  other  meetings  of  fruit  growers.  Thirty  lectures  on  various  phases 
of  plant  disease  work  have  been  given  by  members  of  the  staff  at  farmers' 
institutes,  horticultural  society  meetings,  clubs,  granges,  and  other 
meetings.  In  addition  to  these,  twenty-four  lectures  have  been  given  in 
connection  with  the  ix)tato  special  and  farm  train  run  over  the  New 
York  Central  lines. 

Many  inspection  trips  have  been  made,  largely  in  cooperation  with 
cotmty  agents  and  potato  growers'  associations,  looking  to  the  raising 
of  the  standard  of  seed  potatoes  shipped  from  different  localities  of  the 
State. 

In  the  past  year  4677  letters  have  been  written,  as  compared  with 
3245  written  the  preceding  year.  A  large  proportion  of  these  were  in 
response  to  plant  disease  inquiries. 
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PUBUCATIONS 

Publications  of  the  Department  aside  from  those  issued  by  the  Uni- 
versity, which  are  listed  elsewhere,  are  as  follows: 

A  parasitic  species  of  Claudopus.  By  H.  M.  Fitzpatrick.  Mycologia, 
vol.  7,  p.  34-37. 

Dusting  the  apple  orchard.  By  Donald  Reddick  and  C.  R.  Crosby. 
Proceedings  of  the  New  York  State  Fruit  Growers'  Association, 
191S,  p.  67-75. 

Serious  diseases  of  the  past  season.  By  Donald  Reddick.  Proceedings 
of  the  Western  New  York  Horticulttiral  Society,  1915,  p.  78-81. 

Diseases  of  the  peony.  By  H.  H.  Whetzel.  The  American  Florist, 
April  10,  1915. 

Diseases  of  the  peony.  By  H.  H.  Whetzel.  Transactions  of  the 
Massachusetts  Horticultural  Society,  1915,  p.  103-112. 

Impressions  I  received  of  plant  diseases  and  their  control  in  Europe. 
By  H.  H.  Whetzel.  Proceedings  of  the  New  York  State  Horticul- 
tural Society,  191 5,  p.  63-67. 

Illustrated  talk  on  experiences  in  Europe.  By  H.  H.  Whetzel.  Pro- 
ceedings of  the  New  York  State  Fruit  Growers'  Association,  1915, 
p.  122-127. 

recommendations 

Although  the  Department  is  about  as  comfortably  housed  as  it  can  be 
in  its  present  quarters,  these  quarters  are  inadequate  for  the  t3rpe  of  work 
that  is  to  be  done,  and  it  is  hoped  that  an  adequate  and  satisfactory  build- 
ing may  soon  be  made  available. 

The  present  instructing  staff  is  not  sufficiently  large  to  handle  the  work 
of  the  Department.  It  is  recommended  that  provision  be  made  for  one 
additional  assistant  professor,  one  additional  instructor,  and  one  additional 
assistant.  If  the  research  problems  of  pressing  importance  in  the  State 
are  to  be  met  adequately,  there  must  be  an  increase  also  in  the  number 
of  members  of  the  staff  for  investigative  work.  At  least  one  additional 
assistant  professorship  and  one  or  more  positions  with  the  grade  of 
instructor  should  be  created  for  this  field. 

While  one  assistant  professor  has  been  added  to  the  extension  staflE 
during  the  past  year,  made  necessary  by  the  new  extension  project  in 
spraying  and  dusting  demonstrations,  this  does  not  provide  for  the  rapid 
growth  and  development  of  the  regular  extension  work  now  in  hand.  An 
additional  assistant  professor  is  much  needed  for  proper  conduct  of  the 
work.  In  fact,  so  insistent  has  been  the  demand  for  extension  work  from 
this  Department  that  the  professor  in  charge  of  the  field  has  found  it 
imperative  to  devote  most  of  his  vacation  period  to  extension  work  through- 
out the  State. 
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The  present  location  of  the  Department,  in  the  basement  of  Bailey  Hall, 
affords  no  satisfactorily  lighted  place  for  the  taking  of  photographs,  for 
which  there  is  a  large  demand  in  connection  with  plant  disease  investiga- 
tions. It  is  urgently  recommended  that  some  provision  be  made  for  this 
need. 

While  the  present  facilities  for  field  experiments  are  inadequate  to  the 
needs  of  the  Department  and  will  probably  always  remain  more  or  less 
so,  it  is  thought  that  the  addition  of  a  small  plot  of  ground  directly  to 
the  rear  of  the  new  greenhouses  assigned  to  the  Department  would  materi- 
ally relieve  this  condition.  If,  however,  the  investigative  problems  now 
under  way,  and  new  ones  that  should  be  tmdertaken,  are  to  be  properly 
conducted,  considerable  additional  field  space  is  required.  In  view  of 
the  importance  of  the  fruit  interests  in  the  State,  and  the  heavy  demands 
made  on  the  Department  for  investigation  of  the  diseases  of  fruit  crops, 
it  is  urged  that  a  sufficient  tract  of  land  somewhere  on  the  farm,  well 
removed  from  the  present  orchards,  be  set  aside  for  orchard  plantings 
for  the  special  study  of  plant  diseases. 

H.  H.  WHETZEL, 

Professor  of  Plant  Pathology. 
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DEPARTMENT  OF  SOIL  TECHNOLOGY 

The  completion  of  Caldwell  Hall  has  provided  the  Department  of  Soil 
Technology  with  convenient  and  well-equipped  qiiarters.  The  building 
is  134  feet  long  and  40  feet  wide.  In  the  basement  are  the  laboratory  for 
introductory  courses  and  the  stock  rooms  for  supplying  the  students  work- 
ing there,  also  the  machinery  for  the  water  supply,  the  ventilators,  the  ele- 
vator, and  the  water  still,  and  a  vault  for  permanent  storage  of  soil  and 
other  samples  collected  in  the  course  of  the  Department's  investigations. 
On  the  first  floor  are  a  large  lecture  room,  offices  for  the  extension  work  of 
the  Department,  and  one  main  office  for  the  undergraduate  instructional 
work.  The  second  floor  provides  accommodations  for  the  Departments 
of  Rural  Education  and  Rural  Engineering.  For  the  joint  use  of  the 
latter  and  the  Department-  of  Soil  Technology  there  is  a  large  drafting 
room,  used  by  this  Department  for  soil  mapping  and  drainage  work.  On 
the  same  floor  is  the  laboratory  for  mechanical  soil  analysis.  The  labora- 
tories for  research  and  for  the  graduate  students  are  on  the  third  floor. 
The  attic  is  used  for  such  operations  as  preparing  and  grinding  samples, 
for  repairs,  and  for  photography,  and  also  for  some  of  the  graduate  students, 
not  all  of  whom  can  be  accommodated  on  the  third  floor. 

TEACHmO 

Eight  courses  of  instruction,  in  which  were  registered  610  students, 
were  given  during  the  year.  Three  of  these  courses  were  given  in  the 
third  term.  The  registration  in  the  general  course  for  the  third  term  was 
25;  in  the  first  and  second  terms  the  registration  for  this  course  was  118 
and  145,  respectively. 

In  the  total  registration  for  all  courses  there  was  a  slight  decrease 
from  the  previous  year,  which  is  possibly  to  be  accounted  for  by  the 
discontinuance  of  a  course  in  manures  and  fertilizers  given  formerly. 

Nineteen  graduate  students  were  registered  for  major  and  minor  subjects 
in  the  Department. 

nCVESTIGATION 

The  first  five-years  period  of  experimentation  with  the  soil  tanks  has 
been  completed  and  the  results  are  being  compiled. 

SOIL  SURVBT 

A  soil  survey  of  Schoharie  County  has  been  completed  this  year,  and  the 
survey  of  Cortland  County  has  been  begun. 

BZTENSION 

Instruction  in  soil  technology  was  given  in  twenty-one  extension  schools 
during  the  winter  of  1914-15.    Educational  exhibits  were  shown  at  the 
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State  Fair,  at  one  local  fair,  and  on  one  farm  train.  Advice  and  services 
in  the  drainage  of  farm  land  have  been  given  on  25  farms.  Twenty- 
three  lectures  have  been  given  at  farmers'  meetings  outside  of  Ithaca, 
and  ten  lectures  were  delivered  at  the  College  during  Farmers'  Week. 
Correspondence  was  about  the  same  as  last  year,  amotmting  to  about 
4000  letters  sent  out. 

PUBUCATIONS 

Publications  of  the  Department  aside  from  those  issued  by  the  Uni- 
versity, which  are  listed  elsewhere,  are  as  follows: 

Soil  problems  of  the  florist.  By  E.  O.  Pippin.  The  American  Florist, 
vol.  43,  no.  1372,  p.  457-461. 

Muck  soils  in  New  York.  By  E.  O.  Fippin.  New  York  State  Depart- 
ment of  Agriculture,  Bulletin  70,  p.  123 8-1 246. 

The  principles  of  soil  management.  By  E.  O.  Fippin.  Proceedings 
of  the  Agriculture  Society  of  South  Carolina,  1915,  p.  1-12. 

Fertilizer  problems  for  iX)tato  growers  in  1915.  By  E.  O.  Fippin. 
Proceedings  of  the  New  York  State  Potato  Association,  1914. 

Studies  in  the  drying  of  soil.  ByM.  A.  Klein.  Journal  of  the  American 
Society  of  Agronomy,  vol.  7,  p.  49-77. 

The  formation  of  nitrates  in  soils  under  grass.  By  T.  L.  Lyon.  Pro- 
ceedings at  the  Sixteenth  Annual  Meeting  of  the  Western  New  York 
Horticultural  Society,  p.  82-87. 

A  comparative  study  of  the  effect  of  cumarin  and  vanillin  on  wheat 
grown  in  soil,  sand,  and  water  cultures.  By  J.  Davidson.  Journal 
of  the  American  Society  of  Agronomy,  vol.  7,  p.  145-158,  221-238. 

RECOMMENDATIONS 

It  is  desirable  that  an  expert  in  soil  survey,  who  will  be  a  permanent 
employee,  be  engaged,  in  order  to  give  continuity  to  the  work.  At  present 
this  work  is  done  entirely  by  students  who  seldom  serve  for  more  than  two 
consecutive  simimers. 

It  would  add  much  to  the  knowledge  of  the  soils  of  the  State  if  a  series 
of  experiment  plats  were  established  on  different  soil  types.  Such  a  series 
of  plats  would  serve  for  use  by  both  this  Department  and  the  Department 
of  Farm  Crops. 

Plans  for  the  development  of  the  ranges  of  glasshouses  involve  the 
removal  of  the  old  house  now  used  by  the  Department.  As  this  house 
is  a  very  essential  part  of  the  laboratory  equipment  of  the  Department, 
it  is  recommended  that  provision  be  made  for  building  another  house 
before  the  old  one  is  removed. 

T.  LYTTLETON  LYON, 

Professor  of  Soil  Technology. 
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DEPARTMENT  OF  POMOLOGY 

TBACHING 

The  enrollment  in  the  Department  of  Pomology  for  the  past  year  was: 
first  term,  390;  second  term,  452;  third  term,  71;.  winter  course,  169; 
summer  school,  36;  graduate  students,  26. 

INVESTIGATION 

Investigations  have  been  under  way  on  variety  tests,  the  value  of 
selected  scions,  pruning  old  and  young  trees,  tree  planting,  hardiness 
studies,  fertilizers  for  strawberries  and  bush  fruits,  influences  that  affect 
the  setting  of  fruit,  and  factors  influencing  the  color  of  fruit. 

The  irrigation  experiment  has  been  dropped.  Experience  has  indi- 
cated that  no  data  of  value  are  likely  to  be  obtained  within  a  reasonable 
length  of  time  because  of  the  variability  of  the  seasons,  and  the  increase 
in  3deld  from  irrigation  is  nearly  always  within  the  range  of  experimental 
error. 

As  the  departmental  orchards  come  into  bearing,  experimental  work 
in  the  grading  and  marketing  of  apples  is  done.  An  effort  is  being  made 
to  learn  whether  or  not  the  increased  prices  that  result  from  grading 
apples  according  to  size  are  sufficient  to  offset  the  cost  of  such  grading. 

In  addition  to  the  study  of  the  osmotic  relationship  and  incipient  drying 
of  the  fruit,  pruning  experiments  have  been  undertaken  to  determine  the 
influence  of  the  different  pruning  systems  on  the  efficiency  of  the  leaves 
in  photosynthesis,  and  to  determine  whether  or  not  there  is  a  marked 
difference  in  the  amotmt  of  dry  matter  produced  by  the  same  leaf  surface 
in  different  varieties. 

,    EXTENSION 

The  extension  activities  of  the  Department  for  the  past  year  have  com- 
prised 16  lectures,  52  demonstrations  in  pruning,  spraying,  and  packing, 
17  inspections,  7  demonstration  schools,  5  exhibits  at  the  State  Fair  and 
at  coimty  fairs,  and  16  miscellaneous  enterprises.  In  addition,  the 
Department  cooperated  with  the  New  York  Central  Railroad  and  the 
State  Department  of  Agriculture  in  the  operation  of  an  apple  packing 
train  through  the  fruit  sections  of  the  State  for  a  period  of  three  weeks. 
Stops  were  made  at  38  places  and  the  total  attendance  was  2751. 

New  extension  work  imdertaken  consists  of  a  demonstration  variety 
test  of  strawberries  for  canning  purposes,  at  Webster,  New  York;  a  demon- 
stration of  the  value  of  certain  commercial  fertilizers  in  the  growing  of 
strawberries,  at  North  Collins,  New  York;  and  a  demonstration  of  the 
methods  whereby  an  old  and  neglected  orchard  may  be  profitably  renewed, 

at  Port  Byron,  New  York. 
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RECOMMENDATIONS 

The  Department  is  in  need  of  a  cold  storage  plant.  As  the  young 
experimental  orchard  develops,  the  cost  of  maintenance  will  greatly 
increase.  Satisfactory  returns  from  the  orchard  cannot  well  be  secured 
without  some  sort  of  storage  equipment.  Further,  it  is  desirable  that  the 
Department  should  conduct  experiments  to  determine  the  killing  tempera- 
ture of  various  plants  and  fruits  in  storage,  and  for  such  work  a  room 
in  which  the  desired  temperattu^  can  be  maintained  is  necessary. 

It  is  understood  that  the  old  bams  on  the  Bool  farm  are  to  be  removed. 
This  will  leave  the  Department  with  no  room  for  packing  fruit  or  for  storing 
machinery.  An  adequate  packing  shed  is  needed,  both  for  these  purposes 
and  for  giving  instruction  in  packing. 

The  Department  has  no  greenhouse  space.  Some  specimens  of  exotic 
fruit  plants  should  be  kept  in  a  conservatory,  for  use  in  teaching  the 
course  in  systematic  pomology.  A  place  is  also  needed  where  ordinary 
deciduous  plants  can  be  grown  for  special  purposes  in  demonstrating 
lectures.  It  is  believed  that  it  would  be  advantageous  for  all  the  plant 
industry  departments  if  a  large  conservatory  could  be  maintained  tmder 
the  direction  of  some  one  department,  such  as  Floriculture.  In  this  way 
the  cost  would  be  much  less  for  the  relatively  small  amount  of  material 
needed  by  some  departments  than  if  each  department  maintained  a 
separate  room  for  such  purposes. 

The  Department  needs  also  a  small  amount  of  greenhouse  space  in 
which  to  conduct  a  thorough  study  of  the  root  growth  of  trees  and  bush 
fruits,  particularly  as  influenced  by  different  methods  of  pruning  and 
fertilizing,  and  for  other  experimental  work. 

W.  H.  CHANDLER, 
Projessor  oj  Research  in  Pomology. 
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DEPARTMENT  OF  FLORICULTUSE 

Investigation  has  been  carried  on  by  the  Department  of  Floriculture, 
during  the  past  year,  with  peonies,  sweet  peas,  gladioli,  roses,  phlox, 
asters,  aquilegias,  and  iris.  The  peony  studies  are  practically  finished. 
The  peony  collection  forms  a  basis  for  study  by  the  students  and  is  of 
interest  to  visitors. 

About  I  so  tests  have  been  made  with  sweet  peas.  Some  of  these  tests 
were  on  forcing  varieties  and  some  on  out-of-door  varieties.  The  Depart- 
ment is  endeavoring  to  obtain  a  complete  Collection  of  waved  forms  for 
study. 

Only  a  very  few  new  varieties  of  gladioli  have  been  received  this  year, 
and  it  is  therefore  believed  that  the  work  with  this  group  is  now  practically 
complete.  Material  for  two  bulletins  has  been  prepared  and  will  soon  be 
offered  for  publication. 

The  investigative  work  of  the  Department  has  centered  largely  in  rose 
studies,  and  the  rose  garden  established  a  year  ago  has  been  developed. 
The  ntraiber  of  varieties  in  this  garden  is  now  approximately  475.  An 
extensive  collection  of  wild  rose  species  has  been  received  from  the  Arnold 
Arboretum.  The  problems  in  rose  culture  that  confront  the  Department 
are,  to  determine  practical  means  of  winter  protection,  and  to  construct 
some  system  for  watering  the  plants.  Stock  for  spring  planting  is  often 
received  so  late  that  heat  and  drought  make  it  difficult  to  care  for  the 
plants  properly.  It  is  recommended  that  the  Skinner  system,  for  which 
a  project  has  already  been  developed,  be  installed. 

At  the  present  time  there  are  513  plantings  in  the  phlox  field.  Studies 
have  been  made  on  the  different  plants  to  determine  how  many  varieties 
are  synonjrmous. 

Several  thousand  aquilegias,  the  result  of  the  crossing  of  varieties  and 
species,  have  been  planted. 

Investigations  with  iris  are  under  way.  Many  varieties  have  been 
received  from  iris  specialists,  and  have  been  planted  on  the  area  assigned 
to  the  group. 

The  perennial  border  contains  a  good  collection  of  species.  All  surplus 
plants  of  peonies,  iris,  and  other  perennials  have  been  removed  to  a  separate 
area  so  that  they  may  be  utilized  for  the  production  of  cut  flowers  for  class 
work  and  other  purposes.  This  arrangement  makes  it  possible  to  obtain 
material  without  interfering  with  plants  under  experiment. 

In  the  instructional  work,  two  new  courses  have  been  given:  one  in 
the  history  and  literature  of  floriculture,  the  other  in  marketing  flowers 
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and  plants.    Student  registration  in  the  Department  was  larger  this  year 
than  ever  before. 

At  the  request  of  the  Dean,  the  development  of  the  project  for  the 
erection  of  new  greenhouses  for  all  departments  was  uAdertaken  by  the 
head  of  the  Department  of  Floriculture.  The  range  is  now  practically 
complete  and  the  departments  interested  feel  that  they  have  an  equipment 
adequate  for  their  work.  The  Department  of  Floriculture,  however,  feels 
the  need  of  an  additional  range  especially  adapted  for  investigative  work, 
and  it  is  hoped  that  the  project  for  such  a  range  may  be  developed  in  the 
near  future. 

Early  last  spring  a  committee  appointed  by  the  Dean  to  investigate  the 
housing  of  various  departments  arranged  to  finish  the  second  floor  of  the 
floriculture  building  so  that  a  classroom,  a  reading  room,  and  ofBces  for 
the  instructors  would  be  available.  This  has  been  found  a  great  con- 
venience. It  is  especially  desirable  to  have  a  classroom  for  teaching 
floricultural  subjects  closely  connected  with  the  greenhouse  areas.  It  is 
hoped  that  in  the  near  future  provision  may  be  made  for  adequate  ofiice 
and  laboratory  space  for  the  entire  Department,  in  some  central  location. 

Tlie  Department  was  represented  this  year  for  the  first  time  at  the  exhibit 
in  connection  with  the  International  Flower  Show  in  New  York  City, 
March  17  to  23.  It  has  also  been  represented  at  various  fairs  in  the  State 
and  at  garden  flower  competitions.  The  staff  has  responded  to  various 
calls  for  outside  lecturers,  and  lectures  on  floriculture  were  given  in 
Farmers*  Week.  Two  public  exhibitions  were  held,  at  which  the  attend- 
ance was  large.  These  exhibitions  seem  to  be  valuable  educational 
features  of  the  work  of  the  Depsirtment. 

E.  A.  WHITE, 
Professor  oj  Floriculture, 
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DEPARTMENT  OF  VEGETABLE  GARDENING 

TEACHING 

This  year  is  the  first  in  which  the  course  in  commercial  vegetable  gar- 
dening for  students  spedalizing  in  the  work  has  been  given  in  the  second 
and  third  terms,  instead  of  in  the  first  and  second.  The  number  of  stu- 
dents registered  was  not  large,  but  the  advantages  of  the  new  plan  were 
evident  on  every  side.  On  the  whole,  the  policy  of  conducting  the  Coxirses 
for  specialists  in  conformity  with  the  growing  season  rather  than  with 
the  academic  year  is  meeting  with  most  encouraging  interest,  both  on 
the  part  of  students  and  on  the  part  of  growers  and  of  other  institutions. 

The  laboratory  work  is  seriously  handicapped  through  lack  of  space  for 
dass  assignments  and  for  demonstrational  plantings.  The  area  of  sandy 
soil  at  East  Ithaca,  consisting  of  3^  acres,  is  much  overcrowded.  Addi- 
tional land  must  be  provided  if  the  increase  in  ntimber  of  students  is  to 
continue.  The  gardens  are  now  showing  in  high  degree  the  effect  of  the 
special  attention  which  has  been  devoted  to  the  improvement  of  fertility. 
They  have  been  kept  in  much  better  condition  this  year  than  in  any  pre- 
vious season. 

EXTENSION 

A  series  of  demonstration  trials  to  show  the  influence  of  various  fertilizer 
materials  on  late  cabbage  has  been  established  on  each  of  11  farms,  and 
duplicated  on  the  university  farm. 

The  development  of  demonstration  work  during  the  growing  season, 
and  of  extension  school  and  lecture  work  during  the  winter,  is  making  it 
more  apparent  that  additional  help  will  be  necessary  for  this  branch  of 
the  departmental  activity. 

INVESTIGATION 

The  muck  land  experiment  established  in  191 2  at  Canastota  and  at 
Clyde  has  been  continued.  Other  cooperative  trials  have  been  conducted 
on  Long  Island,  in  western  New  York,  and  in  greenhouses  at  Ehnira. 

At  the  College,  studies  of  the  types  and  varieties  of  celery  and  radishes 
have  been  tmdertaken,  and  also  a  study  of  the  fertilizer  requirements 
of  the  tomato. 

RECOMMENDATIONS 

For  some  time  definite  action  for  the  benefit  of  the  vegetable  producers 
of  eastern  Long  Island  has  been  contemplated.  A  greater  or  less  amount 
of  superficial  work  has  been  done,  but  the  need  is  for  a  thoroughgoing 
study  of  agricultural  conditions  in  this  important  district. 

The  interest  in  vegetable  gardening  in  connection  with  schools  is  increas- 
ing in  marked  degree.    A  course  for  teachers  of  this  subject  was  given  in 
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the  summer  school.  There  seems  to  be  little  question  that  of  all  the  forms 
of  agriculture,  vegetable  gardening  is  best  adapted  for  use  in  secondary 
education.  The  Department  is  in  need  of  a  man  to  take  up  this  jtmior 
extension  work. 

Research  activity,  which  is  thoroughly  fundamental  and  which  is  carried 
on  by  men  giving  to  it  their  prime  attention,  seems  to  be  essential  to  the 
proper  development  of  any  department.  A  man  who  could  give  his  full 
time  to  technical,  rather  than  demonstrational,  problems  in  vegetable 
gardening  is  urgently  needed  for  both  indoor  and  outdoor  work. 

The  amount  of  glass  available  for  the  Department  has  been  increased 
from  3700  to  6000  square  feet.  This  amoimt,  however,  is  utterly  inade- 
quate, and  the  teaching  range  should  be  completed  as  projected  at  the 
earliest  possible  date.* 

Altogether  the  year  just  closed  has  been  most  encouraging.  The  staff 
is  now  organized  on  a  thoroughly  sound  basis,  and  as  its  members  gaui  in 
experience  the  character  of  the  work  constantly  improves.  While  be- 
cause of  restrictions  as  to  prerequisites  the  ntunber  of  students  is  not 
large,  the  capacity  of  the  teaching  facilities  is  tested  to  the  ftdl  and  each 
year  sees  a  larger  number  of  students  who  are  deeply  interested  in  this 
phase  of  agriculture. 

PAUL  WORK, 
Instructor  in  Vegetable  Gardening  and  Superintendent  oj  Department, 
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DEPARTICENT  OF  FORESTRY 

This  year  the  Department  of  Forestry  has  lost  by  resignation  one  pro- 
fessor. F.  B.  Moody,  Extension  Professor  of  Forestry,  resigned  in  August 
to  become  State  Forester  of  Wisconsin,  the  resignation  becoming  effective 
on  September  30. 

A  considerable  supply  of  instruments,  charts,  and  other  illustrative 
material  has  been  purchased  during  the  year  from  the  building  equipment 
fund,  together  with  some  additional  equipment  and  furniture  for  lecture 
rooms,  laboratories,  and.  offices.  The  Department  has  received  from  two 
oommerdal  companies  a  collection  of  saws  and  another  of  various  logging 
tools,  for  exhibition  purposes.  These  exhibits,  properly  mounted,  are 
displayed  in  one  of  the  large  laboratory  rooms. 


TBACHmO 

Thirty-two  courses  were  given  during  the  year,  as  follows:  first  term, 
twelve;  second  term,  ten;  third  term,  eight;  winter  course,  one;  summer 
school,  one.  The  following  table,  which  includes  duplication  of  students, 
shows  the  comparative  figures  for  the  past  three  years: 


Year 


R^:istration 


Graduate 
students 


Regular 
courses 


Winter 
course 


Summer 
school 


1912-13. 

1913-14. 
1914-15. 


40 
112 


412 
350 
436 


47 
57 
20 


22 

28 
18 


The  actual  number  of  professional  forestry  students  enrolled  with  the 
Department  during  the  past  three  years  has  been  as  follows: 


Year 


Under- 
graduate 


Graduate 


Total 


1912-13 
1913-14 
1914-15 


42 
60 
70 


I 

5 

14 


43 

•84 


*  Three  tenns  this  year. 


In  addition,  121  nonprofessional  students  from  other  departments  were 
enrolled  in  forestry  courses  in  1914-15. 
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Two  graduate  students  received  the  degree  of  master  in  forestry  in  Feb- 
ruary, 191 5,  and  four  at  Commencement  in  June,  19 15.  One  additional 
graduate  student  satisfactorily  passed  his  master's  examination  in  Sep- 
tember, 1915. 

The  giving  of  forestry  courses  in  the  summer  term  in  1915  proved 
highly  satisfactory.  The  first  six  weeks  were  spent  at  Ithaca,  the  last  ten 
in  camp  on  a  large  forest  tract  in  St.  Lawrence  County,  in  the  Adiron- 
dacks.    There  were  in  attendance  15  seniors  and  5  graduate  students. 

EXTENSION 

Extension  work  in  forestry  consists  of  (1)  woodlot  and  timberland 
examinations,  made  at  the  request  of  the  owners;  (2)  cooperation  with 
dty  water  boards  and  others  in  planting;  (3)  lectures  and  talks  before 
granges,  extension  schools,  farmers'  institutes,  and  other  meetings.  In 
addition  to  personal  visits  much  assistance  is  given  by  correspondence. 
The  extension  professor  devotes  one-third  of  his  time  to  instruction  at  the 
College.  The  cost  of  all  cooperative  work  is  borne  by  the  person  who 
asks  for  it,  but  covers  only  the  cost  of  travel  and  subsistence. 

In  the  past  year  26  woodlots,  containing.  93  8  acres,  have  been  examined, 
and  their  owners  advised  as  follows :  in  6  woodlots  advice  was  given  in 
regard  to  both  forest  planting  and  improfvement;  in  6,  advice  in  regard  to 
forest  valuation;  in  5,  as  to  forest  planting;  in  3,  as  to  forest  planting  and 
thinnings  to  increase  growth;  in  2,  as  to  improvement  cuttings  and  thin- 
nings to  increase  growth;  in  i,  as  to  forest  valuation  and  forest  planting; 
in  I,  as  to  forest  valuation  and  improvement  cutting;  in  i,  as  to  improve- 
ment cutting;  in  i,  as  to  damage  from  fire.  In  the  preceding  year  the 
total  area  examined  amounted  to  836  acres,  contained  in  15  woodlots. 

At  the  request  of  the  owner,  the  Department  imdertook  the  supervision 
of  the  planting  with  forest  trees  of  an  area  of  approximately  15  acres  at 
Solon,  New  York,  in  the  spring  of  191 5. 

Progress  is  being  made  with  the  sevferar  demonstration  areas  that  have 
been  established  in  different  parts  of  the  State  with  the  cooperation  of 
woodlot  owners.  The  purpose  of  the  work  on  these  areas  is  to  illustrate 
the  advantages  to  be  gained  from  following  the  best  methods  of  forestry 
practice. 

During  Farmers'  Week  an  exhibit  illustrative  of  various  phases  of  for- 
estry work  was  shown  in  one  of  the  large  laboratories  in  the  Forestry 
Building,  one  of  the  features  being  a  camp  showing  how  foresters  live 
and  work  in  the  field.  Lectures  were  delivered  also  during  Fanners' 
Week  by  the  several  members  of  the  staff  of  the  Department. 

A  forestry  section  formed  a  part  of  the  college  exhibit  at  the  State  Fair 
at  Syracuse  in  September,  1915. 
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nrVESTIGATION 

In  the  spring  of  191 5  graduate  students,  working  under  the  direction 
of  two  members  of  the  faculty  in  cooperation  with  the  New  York  State 
Conservation  Commission,  completed  a  working  plan  for  a  parcel  of  State 
land  in  the  Catskill  Mountains.  The  results  of  a  similar  project  carried 
on  in  1914  were  published  in  the  summer  of  1915  as  Bulletin  1 1  of  the  State 
Conservation  Commission,  entitled  Fd>r^^^  Survey  of  a  Parcel  of  State  Land, 
by  A.  B.  Recknagd. 

Experimental  forest  planting  has  been  continued  on  certain  of  the  col- 
lie woodlots,  particularly  on  those  known  as  Behrends  and  Orchard,  and 
35  additional  acres  of  the  Cornell  University  reservoir  site  at  Varna  have 
been  planted  with  red  pine  and  white  pine. 

A  forest  nursery  has  been  established  on  Comstock  Knoll  to  replace  the 
nursery  on  the  Bool  farm.  At  present  there  are  8  seedbeds  and  about 
60,000  seedlings  in  th^  transplant  rows,  the  varieties  being  douglas  fir, 
norway  spruce,  and  white,  red,  and  scotch  pine.  The  new  site  is  much  more 
conveniently  located  than  the  former  one,  and  is  near  the  Forestry  Building. 

Investigations  in  nursery  practice,  with  particular  reference  to  the  use 
<rf  fertilizers  and  to  the  growth  and  mortality  of  seedlings,  have  been 
continued. 

Tests  of  the  relative  durability  of  treated  and  untreated  fence  posts 
are  in  progress. 

Additions  have  been  made  to  the  bibliography  of  forest  organization 
literature  in  the  University  Library. 

RECOMMENDATIONS 

The  Department  is  in  need  of  a  man,  of  the  grade  of  professor,  especially 
qualified  to  engage  in  and  conduct  research.  This  work  is  particularly 
needed  in  the  directions  of  wood  technology  and  silviculture.  With  in- 
creasing instructional  duties  the  present  staff  of  the  Department  is  tmable 
to  undertake  investigations  for  which  there  is  a  real  demand.  It  is  recom- 
mended that  provision  be  made  for  the  appointment  of  another  professor. 

The  resignation  of  Professor  Moody  has  emphasized  the  need  of  another 
man  for  the  extension  work  of  the  Department.  In  the  interim  before  a 
successor  to  Professor  Moody  is  appointed,  provision  has  been  made  for 
carrying  on  a  part  of  the  extension  work  by  the  appointment  of  C.  H. 
Guise  as  instructor.  With  the  increasing  demands  on  the  time  of  the  ex- 
tension professor,  however,  it  is  clear  that  the  services  of  a  man  of  the  grade 
of  instructor  are  required  permanently.  It  is  therefore  respectfully 
recommended  that  such  an  additional  member  be  added  to  the  staff  of 
the  Department. 

Aside  from  extension  work  and  investigation,  the  chief  present  need  of 
the  Department  is  for  a  college  forest,  a  tract  of  several  thousand  acres, 
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which  shall  be  under  the  control  of  the  University,  to  be  used  (i)  as  a 
forest  experiment  station,  (2)  as  a  demonstration  forest,  and  (3)  as  a  place 
in  which  to  give  students  drill  in  forestry  operations  under  true  forest 
conditions.  The  Department  has  been  fortunate  thus  far  in  obtaining 
the  cooperation  of  owners  of  large  tracts  of  forest  land  for  its  field  work 
in  the  third  term  and  at  other  seasons,  but  as  a  permanent  arrangement 
such  a  policy  is  open  to  grave  objections.  Both  the  former  and  the  present 
head  of  the  Department  have  already  urged  the  necessity  of  a  Cornell 
college  forest.  This  recommendation  is  respectfully  repeated,  with  added 
emphasis. 

RALPH  S.  HOSMER, 

Professor  of  Forestry, 
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The  work  of  the  year  was  begun  with  Dr.  W.  A.  Riley  in  charge,  and  the 
success  of  the  first  year  under  the  changed  conditions  brought  about  by 
Professor  Comstock's  retirement  is  largely  due  to  Dr.  Riley's  diligence  and 
foresight.  The  Department  is  fortimate  in  still  having  Professor  Com- 
stock's  presence  and  council.  He  is  pursuing  his  own  researches  with 
unabated  zeal.  He  goes  in  and  out  among  the  members  of  the  staff,  work- 
ing at  his  own  problems  with  an  unquenchable  love  for  science  which  is 
an  example  to  the  Department  and  to  the  whole  University. 

The  year  closes  with  preparations  completed  for  inaugurating  work 
in  apiculture. 

A  beginning  has  been  made  in  the  transferring  of  the  Department  of 
Vertebrate  Zoology  from  the  College  of  Arts  and  Sciences  to  the  College 
of  Agriculture.  This  is  in  the  addition  of  ornithology,  with  Dr.  A.  A. 
Allen  in  charge. 

This  year  the  British  Government  sent  four  PeUows  to  the  College,  on 
the  Carnegie  Entomological  Research  Fund.  The  Department  has  not 
had  a  suflSdent  number  of  well-trained  men  to  meet  the  demand  for 
good  positions  in  other  educational  and  scientific  institutions,  so  that 
many  are  called  to  take  positions  before  they  are  adequately  fitted  for  the 
work  they  will  have  to  do.  The  chief  demands  for  men  come  from  agri- 
cultural colleges,  from  experiment  stations,  from  other  colleges,  and  from 
government  bureaus. 

Much  time  has  been  spent  during  the  past  year  in  formulating  plans 
for  future  work,  and  in  preparing  data  for  the  use  of  the  architect  in  plan- 
ning a  new  building  for  the  Department.  The  data  accumulated  have 
been  delivered  to  the  State  Architect  at  Albany  for  his  use  in  drawing  pre- 
liminary plans. 

TBACHINO 

This  year  some  courses  in  the  Department  were  given  in  the  third  term. 
The  excellent  opportunities  afforded  at  this  time  for  field  work  demon- 
strated the  advantages  of  a  summer  term. 

The  32  courses  listed  in  the  college  announcement  were  all  given  this 
year  to  large  classes.  The  total  number  of  students  registered  in  the  De- 
partment was  2861,  including  59  graduate  students,  104  in  the  winter 
course,  and  145  in  the  summer  session. 

INVESnOATION 

All  members  of  the  stiaff  and  the  graduate  students  in  the  Department 
axe  devoting  themselves  as  fuUy  as  possible  to  the  investigation  of  prob- 
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lems  in  the  field  of  entomology.  Much  of  the  work  listed  in  the  report 
of  the  Department  for  19 14  has  been  completed;  some  of  this,  however, 
is  of  such  a  nature  as  to  require  study  for  some  years.  The  following 
economic  problems  have  been  recently  imdertaken: 

1.  A  biological  and  ecological  study  of  the  lesser  migratory  locust,  with 
an  investigation  of  methods  of  control.  This  work  has  progressed  so  sat- 
isfactorily that  the  results  are  now  being  prepared  for  publication. 

2.  An  extended  investigation  of  the  insects  injurious  to  clover.  This 
study  will  extend  through  a  period  of  several  years.  Substantial  progress 
has  been  made  in  the  study  of  the  clover-leaf  weevil  and  the  clover-seed 
midge. 

3.  A  study  of  the  life  history  and  habits  of  the  cherry  leaf  beetle.  A 
serious  outbreak  of  this  pest  occurred  in  different  parts  of  the  State  during 
the  past  season,  calling  for  investigation  by  the  Department.  This  in- 
vestigation has  been  carried  out  and  the  results  are  nearly  ready  for  pub- 
lication. 

4.  A  careful  and  extended  investigation  of  the  injuries  caused  by  various 
insects  to  the  fruit  of  the  apple.  This  work  has  proved  to  be  of  very  great 
importance,  especially  since  the  enactment  of  the  Stilzer  apple  law  requir- 
ing the  grading  of  apples.  The  study  has  been  carried  on  in  cooperation 
with  the  Genesee  Coimty  Fruit  Growers'  Association,  and  an  extraordinary 
amotmt  of  data  has  been  obtained. 

5.  A  careful  and  extended  study  of  insects  injurious  to  hops.  For  the 
past  three  years  this  work  has  been  carried  on  mainly  in  the  field,  in  co- 
operation with  hop  growers.  Many  valuable  facts  have  been  learned, 
especially  regarding  the  hop-vine  borer.  New  points  in  the  life  history 
of  this  insect  have  been  discovered  which  will  have  an  important  bearing 
on  its  control.  A  new  pest  of  hops,  the  hop  redbug,  has  been  studied  in 
detail,  and  its  life  history  worked  out  together  with  methods  of  control. 
Other  pests  have  been  studied  in  the  same  thorough  way. 

6.  A  biological  study  of  the  pine  leaf  scale.  This  pest  of  the  pine  has 
been  studied  in  detail  during  the  past  two  seasons,  and  its  hfe  history  and 
the  means  of  its  control  have  been  satisfactorily  determined. 

7.  An  investigation  of  methods  of  control  of  the  poplar  and  willow  borer, 
together  with  a  study  of  its  life  history  and  habits.  This  insect,  which 
injures  poplar  and  willow  trees,  especially  in  the  nursery,  and  for  which 
heretofore  no  method  of  control  was  known,  has  been  careftilly  studied, 
and  effective  means  of  preventing  its  injuries  have  been  discovered. 

8.  A  careful  and  detailed  study  of  the  life  history  of  two  species  of  apple 
aphides.  The  green  apple  aphis  and  the  rosy  apple  aphis,  two  of  the 
worst  pests  of  the  apple,  have  been  studied  during  the  past  two  seasons 
with  great  care  and  thoroughness.    The  number  of  generations  and  the 
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length  of  each  have  been  determined,  and  the  supposition  that  the  rosy 
aphis  lives  on  plantain  during  the  summer  Has  been  confirmed.  Experi- 
ments in  the  control  of  these  two  aphides  have  been  carried  out  in  con- 
junction with  fruit  growers,  with  promising  results. 

9.  An  investigation  of  the  life  history  and  control  of  the  fruit-tree  leaf 
roller.  For  the  past  three  years  rather  extended  investigations  have  been 
in  progress  regarding  this  insect.  These  investigations  have  now  been 
brought  to  a  close  and  the  results  are  ready  for  publication. 

EXTENSION 

A  large  part  of  the  extension  work  in  entomology  has  been  conducted  in 
cooperation  with  farm  bureau  managers.  These  men  have  an  intimate 
knowledge  of  the  problen:is  in  their  respective  counties,  and  are  thus  able 
to  save  the  representatives  of  the  College  much  valuable  time  by  bring- 
ing them  quickly  in  touch  with  persons  who  desire  assistance.  Much  of 
the  aid  given  is  in  the  nature  of  consultation,  in  which  the  representative 
of  the  College  determines  the  cause  of  the  injury,  gives  the  necessary  in- 
formation for  its  prevention  or  control,  and  leaves  with  the  farm  bureau 
manager  instructions  for  helping  the  growers  to  put  these  recommendations 
into  practice.  In  many  cases  formal  demonstrations  have  been  arranged 
through  the  farm  bureaus,  particularly  in  the  control  of  certain  onion 
insects  and  in  the  dusting  of  orchards. 

This  Department  has  also  cooperated  with  the  Department  of  Plant 
Pathology  in  conducting  a  series  of  demonstrations  showing  the  compar- 
ative value  of  dusting  and  spraying  in  the  control  of  apple  insects  and  dis- 
eases. Five  orchards  were  used  for  this  purpose,  located  in  a  line  reaching 
from  Niagara  Coimty  to  Rensselaer  Co\mty.  Four  applications  of  dust 
and  spray  were  made  to  trees  in  each  orchard,  and  the  results  were  care- 
fxilly  checked  at  picking  time.  At  one  of  these  demonstrations  more  than 
two  himdred  fruit  growers  were  present. 

EfiFective  and  permanent  results  have  been  obtained  through  teaching 
at  farm  demonstration  schools,  where  the  instructor  has  an  opportimity 
to  go  over  the  subject  of  insect  control  rather  thoroughly  and  to  take  up 
with  the  growers  their  special  local  problems,  thus  helping  them  to  adapt 
general  control  principles  to  their  partictdar  needs. 

An  exhibit  of  injurious  insects  has  been  shown  at  the  three  large  meetings 
of  the  state  horticultural  societies  and  at  the  larger  agricultural  fairs. 
In  each  case  a  representative  of  the  Department  was  in  charge  of  the 
exhibit  in  order  to  answer  questions  asked  by  the  growers. 

A  series  of  reading-course  lessons  on  injurious  insects  and  their  control 
is  in  preparation.  The  first  nimiber,  dealing  with  insects  injurious  to  the 
fruit  of  the  apple,  has  already  appeared. 
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PUBUCATEONS 

Publications  of  the  Department  aside  from  those  issued  by  the  Uni- 
versity, which  are  listed  elsewhere,  are  as  follows: 

The  neotropical  Tipulidae  in  the  Hungarian  National  Museum  (Diptera). 

IV.    By  C.  P.  Alexander.    Entomological  News,  vol.  25,  p.  351-363. 
New  or  little-known  crane  flies  from  the  United  States  and  Canada. 

Tipulidae,  Diptera.   By  C.  P.  Alexander.    Proceedings  of  the  Academy 

of  Natural  Science,  1914,  p.  579-606. 
A  second    bromeliad-inhabiting   crane    fly   (Tipulidae,   Diptera).    By 

C.  P.  Alexander.    Entomological  News,  vol.  26,  p.  29-30. 
Description  of  new  species  of  crane  flies  from  Central  America.    By 

C.  P.  Alexander.   Proceedings  of  the  United  States  National  Museum, 

vol.  48,  p.  441-444. 
New  exotic   Tipulidae   (Diptera).    By  C.   P.  Alexander.     Canadian 

Entomologist,  vol.  47,  p.  79-83. 
The  biology  of  the  North  American  crane  flies  (Tipulidae,  Diptera). 

III.  The  genus  Ula  Haliday.    By  C.  P.  Alexander.    Pomona  Journal 
of  Entomology  and  Zoology,  vol.  7,  p.  1-8. 

A  new  nearctic  Gonomyia  (Tipulidae,  Diptera).    By  C.  P.  Alexander. 

Entomological  News,  vol.  26,  p.  170-172. 
On  a  collection  of  Javanese  crane  flies  in  the  United  States  National 

Museum.    By  C.  P.  Alexander.    Proceedings  of  the  United  States 

National  Museum,  vol.  49,  p.  157-193. 
The  biology  of  the  North  American  crane  flies  (Tipulidae,  Diptera). 

IV.  The  tribe  Hexatomini.     By  C.  P.  Alexander.    Pomona  Journal 
of  Entomology  and  Zoology,  vol.  7,  p.  141-158. 

On  the  trail  of  the  evening  grosbeaks.    By  A.  A.  Allen  (joint  author^ 

Bird  Lore,  vol.  16,  p.  429. 
On   the   Paramo  of    Santa   Isabel.    By  A.  .A.  Allen  (joint   author). 

The  American  Museum  Journal,  vol.  15,  p.  3. 
Plant  notebook.    By  Mrs.  A.  B.  Comstock.    September,  19 15. 
Women  beekeepers.    By  Mrs.  A.  B.  Comstock.    Country  Gentleman, 

vol.  80,  p.  73. 
Insecticides.    By  C.  R.  Crosby  and  R.  Matheson.    In  Standard  Cyclo- 
pedia of  Horticulture,  p.  1042. 
An  insect  enemy  of  the  four-lined  leaf -bug  (Poecilocapsus    lineatus 

Fabr.).  By  C.  R.  Crosby  and  R.  Matheson.    Canadian  Entomologist, 

vol.  47,  p.  181. 
Catalogue  of  insects.     By   C.  R.  Crosby  and  R. '  Matheson  (joint 

authors).    In  Standard  Cyclopedia  of  Horticulture,  p.  1047. 
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The  rhododendron  lace-bug,  Leptobyrsa  explanata  Heidemann.    By 

C.  R.  Crosby  and  C.  H.  Hadley.    Journal  of  Economic  Entomology, 

vol.  8,  p.  409. 
The  fish  notebook.    By  G.  C.  Embody. 
Fish  meal  as  a  food  for  trout.    By  G.  C.  Embody.    Transactions  of 

the  American  Fisheries  Society,  vol.  44,  p.  57-60. 
Insects  injurious  to  the  household  and  annoying  to  man.    By  Glenn 

W.  Herrick. 
Insects  of  economic  importance;  outlines  of  lectures  in  economic  ento- 
mology.   By  Glenn  W.  Herrick. 
V^etable  insects.    By  Glenn  W.  Herrick.    Report  of  the  New  York 

State  Vegetable  Growers'  Association,  1913-14,  p.  180. 
The  pupal  instar  of  the  fruit-tree  leaf-roller  (Ardiips  argyrospila).    By 

Glenn  W.  Herrick  and  R.  W.  Leiby.    Canadian  Entomologist,  vol.  47, 

p.  185. 
Genera  of  Plancton  organisms  of  the  Cayuga  Lake  basin.    By  O.  A. 

Johannsen  and  J.  T.  Lloyd. 
Handbook  of  medical  entomology.    By  O.  A.  Johannsen  and  W.  A. 

Riley. 
The  poison  glands  of   the  larva  of  the  brown-tail  moth  (Euproctis 

chrysorrhoea  Linn.).    By  C.  F.  Kephart.    Journal  of  Parasitology, 

vol.  I,  p.  95. 
Notes  on  Hydrophilus  triangularis  Say.    By  R.  Matheson.    Canadian 

Entomologist,  vol.  46,  p.  337. 
The  proventriculus  of  a  Hydropscyche  larva.   By  A.  A.  Noyes.   Pomona 

Journal  of  Entomology  and  Zoology,  vol.  7,  p.  34. 
The  biology  of  the  net-spinning  Trichoptera  of  Cascadilla  Creek.    By 

A.  A.  Noyes.    Annals  of  the  Entomological  Society  of  America, 

vol.  7,  p.  251. 
A  note  on  Rhagoletis  pomonella  Walsh  in  blueberries.     By  W.  C. 

Woods.    Journal  of  Economic  Entomology,  vol.  7,  p.  398. 
Biosteres  rhagoletis  Richmond  sp.  n.,  a  parasite  of  Rhagoletis  pomo- 
nella Walsh.    By  W.  C.  Woods.    Canadian  Entomologist,  vol.  47, 

p.  293. 
Notes  on  Bradiycentrus  nigrisoma  Banks.     By  J.  T.  Lloyd.     Pomona 

Journal  of  Entomology  and  Zoology,  vol.  7.  p.  81-85. 
Notes  on  Ithjrtrichia  confusa  Morton.    By  J.  T.  Lloyd.    Canadian 

Entomologist,  vol.  47,  p.  117. 
Wood-boring  Trichoptera.    By  J.  T.  Lloyd.    Psyche,  vol.  xxii,  p.  17. 
Notes  on  Astenophylax  argus  Harris.    By  J.  T.  Lloyd.    Journal  of  the 

New  York  Entomological  Society,  vol.  xxiii,  p.  58. 
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RECOMMENDATION3 

The  Department  needs  more  room.  Nothing  wotdd  facilitate  its  work 
more  than  the  proposed  building  for  entomology  and  zoology,  and  it  is 
recommended  that  arrangements  be  made  for  the  construction  of  this 
building  in  the  near  future.    An  apiary  is  needed  also. 

A  fish  ctdture  experiment  station  would  enable  the  Department  to  do 
work  which  would  probably  lay  the  foundation  for  scientific  fish  ctdture 
in  this  State,  and  which  wotdd  certainly  accomplish  much  toward  the  de- 
velopment of  new  lines  of  graduate  work. 

It  is  recommended  that  the  taking  over  of  the  Department  of  2kx)logy 
from  the  College  of  Arts  and  Sciences  into  the  College  of  Agriculture  be 
completed  as  soon  as  possible.  Confusion  results  from  the  fact  that  at 
the  present  time  students  in  this  College  may  register  without  tuition 
charges  for  work  in  ornithology,  but  not  for  work  in  other  lines  of  verte- 
brate zoology. 

JAMES  G.  NEEDHAM, 
Projessor  of  Entomology  and  Limnology. 
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TEACHING 

One  new  course,  ice-cream  making,  has  been  added  in  the  Department 
of  Dairy  Industry  this  year.    The  total  registration  for  all  courses  Was 

965. 

The  twelve-weeks  winter  course  in  dairy  industry  was  taken  by  113 
students.  Because  of  the  limited  facilities  it  was  necessary  to  refuse  en- 
trance to  about  40  of  the  applicants  for  this  course.  Of  the  students  in 
the  winter  course  in  general  agriculture,  151  took  various  courses  in  dairy- 
ing. 

The  growth  of  the  instruction  work  in  the  Department  during  the  past 
eleven  years  is  shown  by  the  following  figures: 

Year  Registration 

1904-05 84 

1905-06 108 

1906-07 183 

1907-08 511 

1908-09 557 

1909-10 461 

1910-1 1 688 

1911-12 764 

1912-13 894 

1913-14 964 

1914-15 •  965 

INVESTIGATION 

While  the  instructional  work  of  the  Department  leaves  but  little  time 
for  the  members  of  the  staff  to  give  to  research,  such  investigations  as  time 
will  permit  are  being  made.  •  The  studies  under  way  are  as  follows :  effect 
of  temperature,  lactic  acid,  and  composition,  on  the  coagulation  of  milk; 
specific  gravity  of  butterfat  in  milk  from  various  sources,  and  its  effect 
on  the  accuracy  of  voltunetric  fat  tests  and  on  the  character  of  butter 
produced;  effect  of  acidity  on  the  keeping  qualities  of  neufch^tel  cheese; 
manufacture  of  camembert  cheese;  commercial  buttermilk;  use  of  formulae 
in  connection  with  chemical  analyses  for  determining  the  percentage  of 
solids  in  condensed  milk  products;  effect  of  pasteurization  on  milk;  com- 
position of  dairy  by-products;  incorporation  of  moisture  and  salt  in  but- 
ter; the  best  methods  of  making  cheddar  cheese  from  milk  of  high  acid 
content;  treatment  of  milk  with  centrifugal  clarifier,  for  market  milk 

[Ivii] 
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purposes;  eflEect  of  low  temperature  on  the  bacterial  activities  of  milk; 
effect  of  washing  curd  on  quality  of  cheese,  and  losses  resulting  from  the 
process;  manufacture  of  ice  cream;  influences  of  di£Eerent  dairy  practices 
on  bacteria  cotmts  in  milk. 

BXTBNSION 

The  extension  work  of  the  Department  consists  mainly  in  cooperation 
with  former  winter-course  students  and  others  employed  in  dairying  in  the 
State,  special  attention  being  given  to  those  who  apply  to  the  Department 
for  advice.  Assistance  is  given  either  by  correspondence  or  by  a  personal 
visit,  as  circumstances  require. 

W.  A.  STOCKING,  Jr., 

Professor  of  Dairy  Industry, 
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TBACHINO 

The  registration  in  the  Department  of  Animal  Husbandry  for  the  past 
year  was  as  follows:  first  term,  662;  second  term,  562;  winter  course, 
392;  summer  school,  44.  These  figures  do  not  include  students  taking 
graduate  work  in  the  Department. 

A  notable  addition  to  the  instruction  given  was  a  course  in  slaughtering 
and  the  preparation  of  meats.  The  registration  for  this  course  taxes 
the  capacity  of  the  building  to  its  utmost,  and  an  increase  of  facilities  should 
be  provided.  

INVESnOATION 

The  investigative  work  of  the  Department  is  very  largely  continuous 
in  nature  and  the  statistical  work  is  being  kept  up  as  for  the  past  several 
years.  A  somewhat  extended  project  in  cooperation  with  the  College  of 
Veterinary  Medicine,  looking  toward  the  control  of  contagious  abortion 
and  other  troubles  incidental  to  reproduction  in  the  dairy  cow,  is  under 
way,  and  also  a  project  along  the  lines  of  animal  nutrition. 

EXTENSION 

The  extension  work  during  the  year  has  been  mainly  carried  on  by  one 
professor  who  has  given  his  entire  time  to  the  work.  His  services,  how- 
ever, have  been  largely  required  at  the  extension  schools,  and  this  has 
failed  to  meet  the  demands  for  instruction  in  the  field  of  animal  husbandry. 
Members  of  the  instructing  staff  of  the  Department  have  therefore  given 
some  of  their  time  to  extension.  It  is  recommended  that  provision  be 
made  for  meeting  the  demand  for  the  work  without  the  necessity  of  calling 
on  the  instructing  staff  to  do  it. 

H.  H.  WING, 
Professor  of  Animal  Husbandry, 


Digitized  by  VjOOQ IC 
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In  the  past  year  the  auxiliary  btiildings  to  be  used  by  the  Department 
of  Poultry  Husbandry  exclusively  for  teaching  purposes  have  been  com- 
pleted. These  buildings,  costing  $25,000,  include  a  service  building,  a 
breed  exhibition  building,  a  fattening  and  pigeon  building,  a  pipe-system 
brooder  house,  and  three  laying  houses  containing  thirty-two  pens.  The 
occupation  of  these  buildings  will  overcome  a  serious  handicap  which  has 
existed  since  the  removal  of  the  old  poultry  plant  from  the  campus  two  years 
ago. 

Progress  has  been  made  in  the  improvement  of  the  poultry  farm  of  80 
acres.  The  work  done  includes  ditching,  fendng,  building  cinder  paths, 
a  general  clearing  up,  and  soil  improvement.  Much  additional  work  of 
the  same  nature  yet  remains  to  be  done. 

The  estimated  value  of  the  permanent  and  movable  equipment  of  the 
Department,  as  shown  by  the  last  inventory,  is  $155,207.47,  apportioned 
as  follows:  buildings,  $128,475.74;  stock,  $4848.50;  movable  equipment 
and  appliances,  $13,306.02;  land,  $7775;  miscellaneous,  $802.21. 

The  stock  consists  of  seventeen  varieties,  of  which  1257  individuals  are 
kept  for  instructional  purposes  and  12 15  for  investigative  work  —  a  total 
of  2472  fowls,  as  compared  to  2583  for  the  preceding  year.  Approximately 
5000  chickens  have  been  reared  this  year. 

It  has  always  been  the  policy  of  the  Department  to  employ  students  or 
former  students  whenever  possible,  on  the  assumption  that  a  large  propor- 
tion of  the  work  required  is  of  both  educational  advantage  and  money- 
earning  value  to  the  students.  The  results  obtained  have  fully  justified 
this  policy.  From  the  time  when  the  Department  was  established,  in 
1903,  to  the  present,  298  students  or  former  students  who  have  taken 
poultry  courses  at  Cornell  have  gained  experience  and  financial  returns 
by  this  means.  Among  the  persons  who  have  become  conspicuously 
successful  in  the  field  of  poultry  husbandry  since  leaving  Cornell  are  many 
who  found  a  large  measure  of  self-support  and  practical  education  as 
employees  of  the  Department.  An  important  advantage  of  the  policy 
is  the  wholesome  atmosphere  which  is  created  among  students  and  staflE 
in  developing  a  spirit  of  democracy  and  earnestness  in  service.  There  are 
now  nine  persons  working  in  the  Department  on  this  part-time  basis. 

This  year,  for  the  first  time,  a  policy  was  inaugurated  of  holding  a  special 

meeting  of  the  staff  for  the  purpose  of  familiarizing  the  members,  the  Dean 

of  the  College,  and  other  invited  guests,  with  the  personnel,  method  of 

organization,  types  of  work,  and  results  accomplished.    This  practice  is 

to  be  continued. 

[Ix] 
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The  total  number  of  letters  written  by  the  Department  during  the  past 
seven  years  is  57,389.  The  number  of  letters  written  this  year  is  8623 ;  in 
addition  there  were  1449  form  letters  sent,  making  a  total  of  10,072. 
This  is  a  decrease  by  592  from  last  year,  which  possibly  may  be  accounted 
for  by  the  development  of  the  farm  bureau  coimty  agent  project  as  pro- 
viding a  convenient,  eflBcient,  ever-ready  source  of  information  in  many 
sections  of  the  State. 

TEACHING 

The  instructional  work  of  the  Department  is  along  five  lines,  as  follows : 

1.  The  teaching  of  regular  and  special  students  who  desire  to  specialize 
in  poultry  husbandry.  In  this  group  nine  courses  are  offered,  which 
provide  f or  3 1  hours  of  university  credit. 

2.  The  teaching  of  regular  and  special  students  who  desire  a  practical 
course  adapted  to  the  special  needs  of  the  general  farmer.  The  desira- 
bility of  providing  this  type  of  instruction  is  ftilly  justified  by  the  attend- 
ance each  year  since  the  course  was  first  given. 

The  number  of  regiilar  and  special  students  who  took  courses  in  poultry 
husbandry  this  year  was  326. 

3.  The  teaching  of  students  in  the  summer  school.  Among  the  students 
who  elect  the  stimmer  courses  are  those  who  desire  to  teach  and  those  who 
desire  to  engage  in  poultry  farming.  The  summer  school  students  this  year 
numbered  33. 

4-  The  teaching  of  students  in  the  winter  courses.  These  are  of  two 
classes  —  persons  who  desire  to  specialize  and  devote  their  entire  time  for 
twelve  weeks  to  the  professional  poultry  course,  and  persons  who  elect 
£ann  poultry  from  other  winter  courses.  The  total  number  of  winter- 
course  students  this  year  was  i6o. 

5.  Graduate  student  instruction.  Each  year  an  increasing  number  of 
persons  from  this  and  other  educational  institutions  receive  instruction  in 
poultry  husbandry.  This  year  there  were  11  graduate  students.  With 
the  increase  in  teaching  facilities  made  possible  by  the  occupation  of  the 
new  building,  the  addition  of  considerable  new  equipment,  and  a  larger 
teaching  staff,  the  Department  is  now  able  to  offer  better  opportunities 
for  advanced  instruction. 

The  total  undergraduate  registration  in  all  courses  in  the  Department  for 
the  year  was  519. 

EXTENSION 

The  extension  activities  of  the  Department  iaclude  fourteen  types  of 
work,  as  follows: 

I.  A  postal  card  survey.  Through  this  survey  the  Department  has  ob- 
tabied  information  of  value  from  1713  poultrymen  in  New  York  State 
regarding  the  nature  of  their  poultry  farms,  the  kind  and  number  of  fowls 


Digitized  by  VjOOQ IC 


bdi  Department  of  Poultry  Husbandry 

kept,  and  other  data,  all  of  which  is  graphically  shown  on  a  map  of  the 
State.     This  year  243  new  surveys  have  been  added. 

2 .  City  and  village  poultry  surveys.  Surveys  have  been  made  in  the  past 
year  of  the  villages  of  Trumansburg,  with  a  population  of  1202,  and  Cherry 
Valley,  with  a  population  of  746,  which  have  furnished  valuable  statistics 
regarding  the  amount  of  poultry  products  produced  and  consumed  in 
coimtry  villages.  It  is  expected  that  the  data  thus  obtained  will  be  pub- 
lished in  bulletin  form  in  connection  with  the  poultry  survey  of  the  city 
of  Ithaca  (population  from  15,000  to  16,000)  made  in  1913. 

3.  Poultry  market  siuvey.  Graduate  students  have  made  market 
studies  of  the  quality  of  poultry  and  eggs  delivered  to  the  Ithaca  Poultry 
Producers'  Association,  and  of  conditions  in  other  cities. 

4.  Poultry  farm  business  organization  survey.  The  Department  has 
made  complete  siuveys  of  47  farriis.  The  data  thus  obtained  have  been 
or  are  being  tabulated  for  use  in  teaching  and  extension  work.  This 
project  will  be  continued  \mtil  sufficient  data  have  been  accumulated  to 
warrant  publication  in  bulletin  form. 

5.  Pedigree  breeding  and  breed  testing.  This  work,  which  has  been 
carried  on  under  the  name  of  the  Cornell  breed  testing  project,  is  being 
continued  on  as  large  a  scale  as  the  buildings  and  equipment  available 
will  permit,  namely,  ten  flocks  of  ten  fowls  each.  In  this  project  poultry- 
men  send  to  the  College  ten  selected  females  to  be  trap-nested  for  one 
year,  the  best  individuals  to  be  mated  to  high-pedigree,  line-bred  Cornell 
ntiales,  the  eggs  to  be  hatched,  and 'the  chicks  leg-banded  and  sent  to  the 
owner. 

6.  Cooperative  poultry  marketing.  This  project  has  been  continued 
for  approximately  two  and  one-half  years  in  the  development  of  the  Ithaca 
Poultry  Producers'  Association,  which  is  now  established  on  an  independent, 
self-sustaining,  profit-making  basis.  Poultrymen  in  several  localities  of 
the  State  are  considering  the  organization  of  similar  associations.  In  the 
one  place  outside  of  Ithaca  where  an  attempt  has  been  made  to  organize 
a  poultry  producers'  association  —  namely,  Binghamton  —  the  plan  has 
met  with  favor,  and  it  is  confidently  expected  that  the  association  will 
be  permanently  organized  in  the  near  future.  Valuable  data  have  been 
obtained  and  experience  gained  which  indicate  that  by  proper  coopera- 
tion poultrjrmen  may  expect  to  receive  suitable  financial  returns. 

7.  Poultry  instruction  in  rural  schools.  The  boys'  and  girls'  club  work 
in  rural  schools,  conducted  in  cooperation  with  the  Department  of  Rural 
Education,  has  been  increased  in  the  amount  of  time  devoted  to  it  and  the 
number  of  persons  reached.  This  year  62  places  were  visited  and  188 
lectures  and  demonstrations  were  given. 

*  8.  Demonstration  schools,  in  cooperation  with  the  Department  of  Ex- 
tension Teaching.    This  year  members  of  the  departmental  staff  have 
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participated  in  i6  demonstration  schools,  at  which  93  class  exercises  in 
poultry  husbandry  were  conducted. 

9.  Poultry  extension  activities  in  Farmers'  Week.  Each  year  the 
Department  has  given  more  and  more  time  and  effort  to  assisting  Farmers' 
Week  guests.  In  the  last  Farmers'  Week  there  were  given  58  lectures  and 
demonstrations,  with  an  attendance  of  4207 ;  2  5  laboratory  practice  courses, 
with  an  attendance  of  665;  and  8  educational  guessing  contests,  at  which 
1 1 63  votes  were  recorded.  The  total  attendance  at  lectures,  demon- 
strations, and  laboratory  exercises  was  4872,  as  compared  to  a  total  at- 
tendance of  4744  iQ  1914.  The  plan  of  giving  Farmers'  Week  visitors 
an  opportunity  to  obtain  actual  experience  in  five  handicraft  laboratory 
courses  has  proved  exceedingly  instructive  and  is  to  be  continued. 

10.  Cooperation  with  the  New  York  State  Fair.  The  New  York  State 
Fair  Commission  continued  this  year  the  policy  of  providing  a  large  tent 
in  which  poultry  lecttures  and  demonstrations  could  be  given,  and  also 
of  setting  aside  a  generous  amoimt  of  space  in  the  Poultry  Building  for 
poultry  educational  exhibits  in  addition  to  the  regular  allotment  of  space 
for  this  purpose  in  connection  with  the  regular  college  exhibit  in  the  Public 
Institutions  Building.  This  year,  for  the  first  time,  the  State  Fair  Com- 
mission made  a  special  appropriation  for  the  purchase  of  material  for  the 
construction,  on  the  fair  grounds,  of  a  full-sized  Cornell  laying  house, 
which  proved  to  be  one  of  the  most  attractive  teaching  agencies  undertaken 
by  the  Department. 

11.  Cooperation  with  poultry  organizations.  The  records  of  the  De- 
partment show  that  there  are  in  the  State  99  poultry  associations,  many 
of  whidi  are  more  or  less  inactive.  In  the  past  year  educational  exhibits 
have  been  staged  in  connection  with  17  poultry  associations,  at  which  86 
lectures  and  demonstrations  were  given.  The  limited  ntimber  of  persons 
available  for  extension  work  in  cooperation  with  the  potdtry  organizations 
has  made  it  impossible  to  cooperate  as  effectively  and  extensively  as  the 
needs  of  the  organizations  demand  and  as  the  cost  and  nature  of  the  work 
would  justify.  The  entire  time  of  one  additional  extension  assistant,  and 
five  months  additional  time  of  the  extension  instructor  engaged  for  next 
year,  will  make  it  possible  to  very  materially  extend  the  cooperation  of 
the  Department  with  the  poultry  organizations  and  to  assist  in  organizing 
other  associations. 

12.  Cooperation  with  farm  bureau  managers.  More  and  more  the  farm 
bureau  managers  ar^  demonstrating  their  interest  and  proving  their  effi- 
ciency in  arranging  the  details  for  effective  cooperation  with  the  poultrymen 
in  their  various  conmiimities.  This  relieves  the  College  of  a  large  amount 
of  administrative  duty  and  responsibility  in  connection  with  making  local 
arrangements,  and  still  maintains  the  responsibility  of  the  College  for  the 
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subject  matter  and  the  methods  of  teaching,  thus  proving  a  highly  satis- 
factory method  of  cooperation.  This  type  of  extension  work  is  capable 
of  great  expansion.  The  value  of  the  work  will  abtmdantly  justify  all 
the  time,  effort,  and  expense  that  the  Department  can  contribute. 

13.  Permanent  educational  exhibits  at  the  College.  This  year,  for  the 
first  time,  the  Department  has  been  able  to  occupy  the  large  educational 
exhibit  room  especially  designed  for  the  purpose  of  keeping  on  display, 
for  the  use  of  students  and  visitors,  its  teaching  and  extension  equipment. 
The  extent  to  which  this  educational  feature  has  been  utilized  abundantly 
justifies  the  policy  of  providing  at  the  College  as  complete  educational 
exhibits  as  are  provided  for  similar  use  away  from  the  College.  The  dis- 
play of  many  of  the  1400  lantern  slides,  charts,  models,  and  photographic 
enlargements  owned  by  the  Department  has  enabled  a  large  ntunber  of 
persons  to  derive  benefit  from  the  teaching  equipment  which  otherwise 
would  be  accessible  to  them  only  in  the  classroom  or  on  extension  trips. 

14.  General  extension  project.  This  project  is  conducted  by  means  of 
lectures,  demonstrations,  educational  exhibits,  reading-course  lessons, 
correspondence,  farm  visits,  and  other  methods,  in  cooperation  with  the 
Department  of  Extension  Teaching  at  the  College,  and  with  farm  btireau 
managers,  officers  of  poultry  associations,  Young  Men's  Christian  Asso- 
ciations, granges,  county  and  state  fair  associations,  the  New  York  State 
Bxireau  of  Farmers'  Institutes,  and  the  New  York  State  Fair  Commission. 
The  extent  to  which  the  Department  has  carried  on  general  extension 
activities  outside  of  the  College  during  the  year  is  indicated  by  the  follow- 
ing stunmarization:  number  of  lectures,  319;  demonstrations,  126;  educa- 
tional exhibits  staged,  45;  farm  visits,  356;  total,  846.  In  carrying  on  this 
work  373  localities  were  visited  and  14,920  fowls  were  selected  for  breeding 
stock;  the  lectures  and  demonstrations  were  attended  by  28,891  persons. 

That  the  extension  activities  of  the  Department  have  grown  in  volume 
each  year  is  shown  by  the  nimiber  of  places  visited.  These  are  as  fol- 
lows: for  1909-10,  144;  for  1910-11,  164;  for  1911-12,  306;  for  1912-13, 
433;  for  1913-14,  584;  for  1914-15,  587. 

The  expense  of  conducting  extension  work,  in  proportion  to  the  number 
of  places  visited,  the  ntmiber  of  persons  reached,  and  the  amount  of  good 
accomplished,  is  surprisingly  small.  The  total  cost  for  this  work  for  the 
year,  not  including  salaries,  was  $1897.97,  of  which  $440.  89,  or  23.23  per 
cent,  was  paid  from  the  departmental  fxinds  and  $494.18,  or  26.04  per 
cent,  was  paid  by  the  Department  of  Extension  Teaching;  private  parties 
and  organizations  paid  $776.37,  or  40.90  per  cent  of  the  expenses,  and  the 
State  Department  of  Agrictdtxire  paid  $186.53,  or  9.83  per  cent.  It  has 
been  exceedingly  gratifying  to  note  the  willingness  with  which  organiza- 
tions and  individuals  have  met  one-half  of  the  expense,  or,  in  many  in- 
stances, the  entire  expense. 
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mvEsnoAiiON  * 

Fifteen  investigative  projects  have  been  conducted  in  the  past  year, 
Cor  which  a  total  of  1 2 1 5  fowls  (1047  females  and  168  males)  have  been  used. 
All  these  fowls  were  trap-nested  and  the  chicks  were  pedigree-hatched 
and  leg-banded.  It  is  estimated  that  the  investigative  projects  require 
an  expenditure  of  approximately  $5000  a  year.  The  principal  problems 
studied  are: 

1.  The  inheritance  of  fecundity.  This  study  has  been  continued  since 
1907,  and  now  includes  records  of  11 24  fowls.  At  the  present  time  541 
females  and  53  males  are  being  used. 

2.  Inheritance  of  egg  characters.  This  has  been  under  investigation 
since  191 1,  and  has  included  540  individuals  in  the  breeding  flocks.  At 
the  present  time  the  study  includes  119  females  and  71  males. 

3.  Inheritance  of  constitutional  vigor.  This  investigation  was  begun 
in  1912,  and  has  included,  to  date,  216  individuals.  There  are  now  tmder 
observation  80  females  and  20  males. 

4.  A  study  of  conditions  influencing  constitutional  vigor.  This  proj^ 
ect  was  undertaken  in  the  Department's  first  year  and  has  received  a 
large  measure  of  attention  since  that  time.  Included  in  these  studies  are 
experiments  to  ascertain  the  comparative  influence  of  artificial  and  natural 
incubation  on  the  vitality  of  the  flocks,  and  a  comparison  of  close  con- 
finement and  free-range  methods  during  winter  and  summer ;  these  questions 
have  been  under  investigation  since  1909,  during  which  time  790  fowls  have 
been  reontled. 

5.  A  study  of  mating  behavior  as  influenced  by,  or  as  indicating,  consti- 
tatiooal  vigor  and  reproductive  power. 

The  policy  of  the  Department  has  been  to  utilize  the  results  of  the  inves- 
tigations for  teaching  and  extension  purposes  as  rapidly  as  reliable  data 
have  become  available,  and  to  refrain  from  publication  tmtil  the  questions 
under  investigation  have  appeared  to  be  conclusively  answered. 

New  devices  and  appliances,  and  methods  devised  by  members  of  the 
departmental  staff,  are  as  follows:  a  new  Cornell  trap  nest;  a  measuring 
caliper  for  quickly  and  accurately  taking  small  body  measurements  of 
poultry;  an  improved  type  of  potdtry  house  for  egg  production;  a  shadow 
photographic  process  for  making  a  correct,  permanent  outline  of  eggs,  at  a 
greatly  reduced  cost  as  compared  to  the  usual  photographic  method;  a 
set  of  market  poultry  instruments;  a  wind  bafller  —  an  automatic,  sani- 
tajy  method  of  ventilating  poultry  houses,  to  displace  the  muslin  curtains 
or  the  open  front;  a  labyrinth  for  use  in  breeding  pens  to  increase  efficiency 
in  mating;  a  quick  method  of  determining  the  comparative  value  of  feeds 
by  the  use  of  a  nutrient  cost  factor. 
5 


Digitized  by  VjOOQ IC 


Ixvi  Department  op  Poultry  Husbandry 

RBCOMMBNDATIOirS 

The  Department  is  in  need  of  the  following  additional  equipment  and 
improvements: 

An  incubation  building,  $6000,  and  a  judging  pavilion,  $6000.  The 
original  plans  for  the  development  of  the  teaching  plant  for  the  Depart- 
ment provided  for  an  incubation  building  and  a  large  judging  pavilion, 
to  be  located  to  the  east  and  to  the  west,  respectively,  of  the  main  Poultry 
Building.  These  structures  as  planned,  are  to  be  one  and  one-half  stories 
high  and  similar  in  design  to  the  Poultry  Building  on  the  New  York  State 
Fair  Grounds  at  Syracuse.  The  plan  provides  that  they  be  connectjed 
with  the  main  building  by  loggias,  with  a  driveway  through  the  loggias 
leading  to  the  auxiliary  buildings.  The  buildings  are  very  much  needed 
in  view  of  the  fact  that  there  is  no  place  for  holding  poultry  shows  or 
for  handling  large  classes  in  judging.  All  incubators  now  have  to  be 
operated  in  the  basement  of  the  main  btiilding,  which  is  not  provided 
with  flues  or  any  method  of  ventilation  and  is  therefore  very  tmsatis- 
factory  as  an  incubator  cellar. 

A  service  building  for  the  experimenting  division,  $2000.  The  experi- 
menting division  now  occupies  an  old  one-story  laying  house  as  a  temporary 
oflSice,  and  a  lairing  house  for  feed  storage  and  supplies,  and  resorts  to 
earth  pits  for  the  storage  of  roots.  When  the  plans  were  made  for  the 
development  of  the  poultry  farm,  a  suitable  location  was  provided  for  a 
service  btiilding  in  the  space  between  the  windmill  and  the  main  avenue 
running  east  and  west.  The  construction  of  a  suitable  btiilding  would 
meet  the  immediate  need. 

One  hundred  breed-testing  houses  at  the  poultry  farm,  $3000.  One 
hundred  or  more  colony  houses  will  be  required  for  carrying  on  the  breed- 
testing  project  if  it  is  to  fully  meet  the  probable  demand  for  it,  these 
houses  to  be  located  at  the  north  end  of  the  poultry  farm. 

Commercial  lai^ng  houses  at  the  poultry  farm,  $3000.  Three  large 
demonstration  la3dng  houses  should  be  constructed  at  the  farm  in  order 
that  the  Department  may  demonstrate  to  the  people  of  the  State 
the  handling  of  large  flocks  under  the  most  modem  methods  of  house 
construction  and  management.  This  cannot  be  accomplished  with 
buildings  that  are  designed  especially  for  teaching  feeding  practice  or 
the  handling  of  experimental  flocks.  The  new  houses  should  be  located 
in  the  southwest  part  of  the  poultry  farm. 

Drainage  on  the  poultry  farm,  $750.  The  poultry  farm  requires  a  large 
amount  of  underdrainage.  A  contour  map  showing  the  proposed  system 
of  drainage,  and  estimates  of  the  cost,  have  been  prepared  by  the  Depart- 
ment of  Rural  Engineering. 

Fencing  the  poultry  farm,  $1000.  A  considerable  part  of  the  poultry 
farm,  and  a  part  of  the  teaching  plant,  are  still  unfenced.    The  immediate 
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needs  of  the  Department  axe  such  that  much  of  this  fencing  should  be 
done  at  the  earliest  possible  date . 

Fruit  and  ornamental  plantings  on  the  poultry  farm  and  teaching 
plant,  $300.  The  poultry  farm  now  lacks  suitable  shade  in  connection 
with  most  of  the  buildings.  The  Department  has  been  oflEered,  as  a  gift, 
ornamental  trees  for  landscape  planting  at  the  poultry  farm  or  at  the 
teaching  plant  to  the  value  of  $200.  The  trees  that  should  be  purchased 
are  apple  trees,  which  should  supply  considerable  income  and  at  the 
same  time  provide  the  needed  shade. 

Extension  of  the  water  system  at  the  poultry  farm,  $600.  The  extension 
of  the  water  system  at  the  poultry  farm  would  prove  a  profitable  invest- 
ment in  the  saving  of  labor  that  would  result.  The  improvements  needed 
are  for  distribution  of  the  water  supply  to  various  parts  of  the  poultry 
farm. 

Construction  of  roads  and  walks  at  the  poultry  farm,  $200.  The  nature 
of  the  soil  and  the  lack  of  drainage  on  the  poultry  farm  requires  the  con- 
struction of  a  large  amount  of  roads  and  walks,  in  order  that  the  place 
may  be  made  accessible  and  attractive  to  visitors  and  convenient  of 
administration. 

Repairs  to  existing  buildings  at  the  poultry  farm,  $500.  The  old 
bam  at  the  northwest  comer  of  the  farm  should  be  repaired,  painted, 
moved  to  the  north,  and  placed  on  new  foundations.  The  bams  on  the 
southern  part  of  the  farm  should  be  repaired  and  painted;  they  are  not 
now  in  proper  keeping  with  other  buildings  on  college  property. 

Construction  of  aviary  and  yard  enclosure  at  the  teaching  plant,  $300. 
A  suitable  area  where  various  types  of  fowls  can  be  kept  under  attractive 
conditions  and  accessible  to  the  public  would  be  an  important  addition 
to  the  teaching  facilities  and  equipment  of  the  Department.  A  suitable 
location  for  such  an  aviary  would  be  in  the  triangle  at  the  junction  of  the 
tower  road  and  the  marginal  road  east  of  the  brooder  houses. 

A  special  calorimeter  for  nutrition  and  embryological  r^earch,  $2500. 
The  time  has  come  when  the  construction  of  a  special  calorimeter  for 
research  in  embryology  and  nutrition  would  meet  an  important  need. 
The  Department  has  the  graduate  students,  the  buildings,  and  other 
equipment  which  would  justify  the  expenditure  necessary  for  assembling 
the  apparatus  for  calorimetric  work. 

JAMES  E.  RICE, 
Professor  of  Poultry  Husbandry, 
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TBACHING 

The  subject  of  rural  engineering  as  a  division  in  educational  work 
being  comparatively  new,  the  staff,  the  subject  matter,  and  the  manner 
of  presentation  have  all  had  to  be  developed  together  practically  from 
the  beginning.  The  policy  of  the  Department  of  Rural  Engineering 
has  been  to  offer  only  a  few  representative  courses  and  to  develop  these 
as  much  and  as  rapidly  as  possible.  During  the  past  year,  with  increased 
staff  and  better  facilities,  considerable  progress  has  been  made;  better 
material  has  been  more  systematically  presented,  and  the  students  have 
been  more  thoroughly  trained. 

INVESTIOATION 

The  most  important  line  of  investigation  is  that  in  which  the  Depart- 
ment has  been  engaged  for  several  years,  namely,  the  design  of  improved 
devices  for  domestic  sewage  disposal.  The  perfection  of  eflBident  and 
cheap  arrangements  adapted  to  meet  all  the  varied  conditions  in  the 
State  would  constitute  a  great  stride  toward  one  of  the  most  important 
of  modem  needs,  better  rural  sanitation.  A  number  of  years  of  actual 
service  have  proved  the  efficiency  of  the  devices  designed  by  the  Depart- 
ment for  houses  provided  with  modem  plimibing,  so  that  this  phase  of  the 
work  may  be  considered  as  practically  completed.  A  second  line  of 
investigation,  which  has  been  imder  way  for  about  a  year,  has  as  its 
object  the  perfection  of  a  septic  tank  adapted  for  use  in  houses  not  eqmpped 
with  complete  plumbing.  This  work,  which  has  all  been  carried  on  under 
the  general  funds  of  the  Department,  is  now  actively  in  progress,  recent 
designs  being  in  process  of  construction.  More  rapid  progress  would 
result  if  an  adequate  stun  of  money  were  available  to  make  possible  the 
immediate  construction  and  trial  of  the  various  designs  that  have  been 
made. 

An  investigation  of  the  mathematical  properties  of  the  surfaces  of 
various  kinds  of  plow  moldboards  has  been  begim  by  a  graduate  student 
in  the  Department.  It  is  hoped  that  this  investigation  will  establish 
the  fundamental  relations  between  these  surfaces  and  the  physical  prop- 
erties of  the  t3rpes  of  soil  for  which  the  moldboards  have  been  developed. 

In  cooperation  with  the  Department  of  Agricultural  Chemistry,  work 
has  been  begun  on  the  relation  between  drainage  and  the  chemical  con- 
stituents of  muck  lands,  a  line  of  investigation  stimulated  by  the  very 
considerable  amount  of  extension  work  done  in  the  reclamation  of  muck 

tracts. 
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BZTBNSION 

Rtiral  sanitation  shotdd  be  given  more  attention  in  extension  work  than 
it  has  received  in  the  past  year.  Lack  of  funds  and  of  men  has  hampered 
active  field  work.  Several  meetings  were  addressed,  however,  the  reading- 
course  lesson  on  the  subject  was  extensively  distributed,  and  much  indi- 
vidual assistance  was  given  by  letter.  A  number  of  field  trips  were  made 
in  connection  with  difficult  problems  in  drainage,  or  for  instructing  farm 
bureau  managers  in  drainage  work.  One  experimental  irrigation  plant 
was  put  in  operation.  Assistance  was  given  in  several  demonstrations 
in  the  use  of  dynamite  on  the  farm,  and  once  at  a  tractor  demonstration, 
in  addition  to  which  some  aid  was  given  in  the  planning  of  bams  and 
other  farm  buildings.  With  the  amount  of  special  effort  made  to  improve 
the  instructional  work,  it  has  been  difficult  for  the  instructing  staflE  to 
find  much  time  for  extension  activities. 

RBCOMMBNDATIONS 

The  Department  is  in  need  of  fimds  for  its  investigations  in  the  field 
of  devices  for  rural  sanitation.  Funds  are  needed  also  for  field  survey 
work,  so  that  the  staff  may  keep  in  direct  and  constant  touch  with  the 
engineering  needs  of  the  country  and  also  with  the  ideas  and  practices  of 
the  best  farmers  in  the  State.  Especially  does  this  apply  to  the  construc- 
tion of  dairy  bams  and  hog  houses. 

The  demands  of  the  Department  for  extension  work  have  increased 
from  year  to  year  tmtil  it  has  become  impossible  for  the  present  teaching 
staff  to  carry  on  the  work  efficiently.  In  order  to  meet  these  increasing 
demands  it  will  be  necessary  to  have  an  additional  man  appointed  who 
can  give  all  or  part  of  his  time  to  the  extension  service. 

H.  W.  RILEY, 
Professor  oj  Rural  Engineering. 
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TEACHING 

The  principal  work  of  the  Department  of  Agrictdtural  Chemistry  in 
the  past  year  has  been  the  instruction  of  students.  Ten  courses  were 
given,  in  which  669  students  received  instruction.  In  addition  a  course 
of  lectures  for  winter-cotirse  students  was  held,  with  a  registration  of  275. 

EXTENSION 

The  extension  work  of  the  Department  has  consisted  chiefly  in  the 
chemical  examination  of  samples  of  various  materials  of  an  agricultural 
character.  During  the  year  523  samples  were  analyzed,  and  the  reports 
of  the  analyses  were  sent  to  residents  of  the  State.  There  seems  to  be  a 
growing  interest  in  the  use  of  lime  and  in  the  need  of  lime  for  soils. 
Analyses  were  made  of  220  samples  of  soil  and  no  samples  of  limestone. 
This  has  necessitated  the  appointment  of  an  additional  chemist. 

GEORGE  W.  CAVANAUGH, 

Projessor  oj  Agricultural  Chemistry. 


fine! 

Digitized  by  VjOOQ IC 


DEPARTMENT  OF  LANDSCAPE  ART 

TBACSHQTG 

With  the  end  of  this  year  Professor  Bryant  Fleming,  former  head  of 
the  Department  of  Landscape  Art,  brought  to  a  close  his  active  connection 
with  the  College.  Any  cooperation  that  may  be  given  by  him  in  future 
will  be  in  the  nature  of  advice  only. 

The  Department  has  further  revised  its  schedule  with  a  view  to 
opening  more  courses  to  general  election.  More  attention  should  be 
given  to  the  matter  of  impressing  as  many  students  in  the  College 
as  ix)ssible  with  the  opportunities  and  the  methods  of  making  ordinary 
homes  better  and  more  beautiful  places  in  which  to  live. 

The  establishment  of  a  fellowship  in  landscape  design  in  the  American 
Academy  at  Rome  is  a  matter  of  particular  interest  to  this  Department 
because  the  first  winner  was  an  assistant  here  and  was  for  five  years  a 
student  in  the  Department.  The  fellowship  is  given  for  three  years  and 
pays  $1000  a  year.  It  was  established  by  the  American  Society  of  Land- 
scape Architects  and  is  open  mainly  to  graduates  of  recognized  landscape 
schools.  In  the  preliminary  conipetition  this  Department  was  repre- 
sented by  nineteen  out  of  a  total  of  twenty-four  entries.  Of  these, 
thirteen  were  seniors  and  six  were  graduate  students.  Of  the  four  men 
selected  for  the  final  competition,  two  were  from  Cornell,  and  a  third 
Cornell  man  was  selected  for  alternate. 

EXTENSION 

Much  of  the  time  of  the  Department  has  been  taken  up  by  extension 
work.  So  many  calls  have  come  in  from  state  institutions,  village  improve- 
ment societies,  schools,  and  individuals,  that  the  Department  has  been 
forced  to  limit  its  attention  mostly  to  institutions  and  improvement 
societies,  through  which  the  largest  number  of  persons  can  be  reached. 

RECOMMENDATIONS 

The  appointment  of  a  new  man  on  the  staflE  to  take  charge  of  the  extension 
work,  and  possibly,  for  the  present,  to  do  additional  teaching  in  practical 
landscape  construction,  would  relieve  the  tension  that  now  exists  and  would 
furnish  the  medium  needed  to  enable  the  staflE  to  engage  in  valuable 
extension  activities. 

The  landscape  building  should  be  completed  in  the  few  but  essential 
remaining  details. 

A  special  lectiu^e  fund  should  be  established,  which  would  allow  the 
Department  to  bring  representative  men  to  the  College  both  dxiring  the 
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regular  terms  and  dtiring  Farmers'  Week.    The  lectures  would  be  open 
to  the  public,  and  would  be  of  interest  to  students  in  many  departments. 

Opporttmity  for  a  larger  amount  of  study  should  be  given  to  the 
instructing  staff,  for  the  reason  that  the  teaching  of  landscape  work  in 
all  its  phases  is  comparatively  new.  Facilities  are  needed  also  for  the 
collection  of  data  and  good  illustrative  material,  for  both  study  courses 
and  publications.  For  example,  in  the  field  of  plant  materials,  more 
accurate  data  are  needed  regarding  the  hardiness  of  ornamental  plants 
in  different  sections  of  the  State  and  tmder  different  conditions.  Extensive 
correspondence  should  be  carried  on  in  order  to  collect  these  facts.  Reliable 
phenological  data  are  also  needed  on  the  comparative  blooming  time  of 
^ornamental  trees  and  shrubs.  The  whole  question  as  to  the  intelligent 
•priming  of  ornamental  plants  depends  on  this  point,  and  yet  the  published 
material  concerning  it  is  very  meager. 

Good  illustrations  taken  from  New  York  State  farm  and  village  homes 
are  much  needed,  both  for  general  lectures  and  for  publications."  There 
is  plenty  of  material  scattered  over  the  State,  but  it  takes  time  and  money 
to  get  the  views. 

A  landscape  survey  of  New  York  State  should  be  made,  with  a  photo- 
graphic record  of  the  actual  landscape  setting,  including  the  farm  home, 
the  cotmtry  roadside,  the  rural  school,  the  village  and  town  centers,  the 
state  institutions,  the  railroad  lines,  the  barge  canal,  and  all  other  important 
featiu^es  that  contribute  to  the  landscape  of  the  State.  There  are  always 
graduate  students  in  the  Department  who,  if  funds  were  available,  cotdd 
make  such  a  survey. 

E.  GORTON  DAVIS, 
R.  W.  CURTIS, 
Assistant  Professors  of  Landscape  Art. 
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DEPARTMENT  OF  DRAWING 

For  the  past  year  the  registration  in  the  Department  of  Drawing  was 
as  follows:  first  term,  70;  second  term,  87;  third  term,  11;  total,  168. 

The  Department  of  Drawing  does  no  investigative  work  as  such,  yet 
constant  experiments  are  being  made  in  order  to  determine  the  best 
materials  and  methods  for  graphic  expression  reqtured  by  scientific  students. 

While  this  Department  engages  directly  in  no  extension  work,  it  prepares 
most  of  the  illustrations  for  circulars,  bulletins,  reading  courses,  and 
rural  school  leaflets.  By  making  the  illustrations  as  artistic  as  is  con- 
sistent with  accuracy,  an  indirect  aesthetic  influence  is  exercised  on  the 
taste  of  the  readers  of  these  publications. 

W.  C.  BAKER, 

Professor  of  Drawing. 
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DEPARTMENT  OF  RURAL  ECONOMT 

The  program  of  instruction  given  by  the  Department  of  Rural  Economy 
has  tmdergone  two  important  changes.  The  course  in  conservation  has 
been  eliminated,  the  Department  being  unable  to  continue  this  work  with 
the  ever-increasing  numbers  registered  in  the  more  specific  courses.  A 
course  in  marketing  and  prices  has  been  added,  which  bids  fair  to  become 
one  of  the  most  important  courses  given  by  the  Department.  While  its 
very  newness  has  attracted  a  niunber  of  students  who  will  be  eliminated 
in  the  future,  the  demand  for  this  kind  of  instruction  is  growing.  The 
niunber  of  students  in  all  courses  is  increasing 

An  instructor,  H.  D.  Phillips,  has  been  added  to  the  staff  of  the  Depart- 
ment. Early  in  April  the  Department  was  transferred  to  more  com- 
modious quarters  in  the  Home  Economics  Building. 

A  change  was  made  this  year  in  the  work  offered  by  the  Department 
in  the  summer  school,  primarily  for  the  purpose  of  giving  an  outline  course 
to  rural  school  teachers  and  others  interested  in  rural  life.  This  course, 
which  took  up  the  economic  and  social  status  of  the  rural  community, 
was  well  attended.  The  course  in  marketing  and  prices  was  of  interest 
rather  to  the  regular  students. 

The  School  for  Leadership  in  Country  Life  held  no  session  this  year. 

G.  N.  LAUMAN, 
Professor  of  Rural  Economy, 
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DEPARTMENT  OF  RURAL  EDUCATION 

TBACHING 

The  most  marked  development  in  the  Department  of  Rural  Education 
in  the  past  year  has  been  in  the  instructional  work.  Previously  the 
teaching  of  the  Department  had  been  confined  to  the  summer  session, 
but  this  year  four  courses  were  given  in  the  first  and  second  terms  to'pro- 
spective  teachers.    The  total  enrollment  for  the  year  was  260  students. 

mVBSTIGATION 

All  the  investigation  that  has  been  done  has  been  incidental  to  the 
regular  activities  of  the  Department.  There  is  need  of  continued  and 
prolonged  study  of  many  of  the  rural  school  problems  of  the  State.  The 
present  staff  is  not  large  enough  to  meet  this  need. 

EXTENSION 

The  chief  extension  activities  have  centered  arotmd  the  Cornell  Rural 
School  Leaflet,  which  is  distributed  to  all  elementary  teachers,  and  to 
children  in  the  eight  grades,  in  schools  tmder  rural  supervision  in  the 
State  of  New  York.  The  leaflet  is  designed  to  furnish  subject  matter  and 
inspirational  material  on  nature  study,  agriculture,  home  making,  and 
related  subjects,  for  elementary  schools,  the  syflabus  issued  by  the  Uni- 
versity of  the  State  of  New  York  being  used  as  a  basis  in  its  preparation. 
The  September,  19 14,  nimiber  covered  the  year's  work  for  19 14-15  as 
outlined  by  the  State  Syllabus.  The  edition  was  55,000.  By  Jtme  i, 
191 5,  47,988  copies  had  been  distributed.  All  rural  teachers  in  the 
State,  about  85  per  cent  of  the  pupils  in  training  for  teaching,  and  about 
75  per  cent  of  the  dty  and  village  grade  teachers,  were  supplied.  Leaflets 
for  boys  and  girls  were  issued  in  November,  January,  and  March.  They 
comprised,  respectively,  32,  24,  and  48  pages.  The  edition  for  each  of 
these  three  leaflets  was  200,000.  They  have  practically  all  been  dis- 
tributed. Distribution  was  begun  of  the  new  teachers'  leaflet  for  Septem- 
ber, 1915,  comprising  340  pages  and  having  an  edition  of  55,000.  The 
records  show  that  dtiring  the  year  227,360  persons  received  the  leaflets. 
There  were  628,371  copies  distributed,  in  addition  to  a  large  nimiber  of 
earlier  issues. 

School  children  have  been  collecting  egg  clusters  of  the  apple-tree 
tent  caterpillar.  During  the  year  reports  were  received  from  1877  schools, 
showing  a  total  of  4,167,547  egg  clusters  destroyed.  This,  however, 
is  only  a  small  part  of  the  work  that  has  really  been  done.  The  movement 
was  started  two  years  ago  through  the  influence  of  the  leaflet. 
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The  rural  school  exhibit  held  during  Farmers'  Week  was  divided  into 
two  parts,  the  com  show  and  the  general  exhibit  of  school  work.  There 
were  892  rural  schools  that  sent  an  ear  or  two  of  com,  the  ears  having  been 
selected  by  the  children  in  accordance  with  directions  in  the  leaflet. 
Prizes  for  both  flint  and  dent  ears  were  awarded  for  each  county  and  for 
the  State  as  a  whole.  The  general  exhibit  of  school  work  was  divided 
into  14  classes,  including  work  in  nature  study,  drainage,  and  sewing. 
Exhibits  were  sent  by  236  schools,  and  there  were  461  separate  pieces. 
First,  second,  and  third  prizes  were  awarded  in  thirteen  groups. 

During  the  year  14,594  letters  were  received  by  the  editors  of  the 
Cornell  Rural  School  Leaflet,  and  7407  letters,  of  which  about  3000 
were  circular  letters,  were  sent  out.  Also,  8004  letters  were  received 
from  girls  and  boys  in  the  rural  schools  of  the  State.  These  were 
aU  carefully  read,  questions  were  answered,  and  the  letters  were  recorded. 
A  small  gift  picture  offered  to  each  child  from  whom  three  letters  were 
received  was  sent  to  1139  children.  The  correspondence  with  children 
is  one  of  the  most  important  parts  of  the  work,  and  it  is  hoped  that  more 
letters  can  be  answered  personally,  thus  stimulating  greater  interest  among 
the  boys  and  girls. 

Members  of  the  staff  attended,  and  in  most  cases  addressed,  47  meetings 
held  in  the  interest  of  rural  education.  Visits  were  made  to  46  schools 
in  various  parts  of  the  State. 

Since  January  i,  1915,  this  Department  has  given  some  attention  to 
placing  students  in  teaching  positions  in  high  schools.  Twenty-five 
students  have  thus  foimd  positions  in  this  State,  and  seven  outside  the 
State.  In  addition,  the  Department  has  cooperated  with  other  depart- 
ments in  this  work. 

COOPERATIOir  WITH  THE  STATE  DEPARTMENT  OF  EDUCATION 

This  report  would  not  be  complete  without  a  statement  of  the  progress 
that  has  been  made  in  establishing  cooperative  relationship  with  the 
State  Department  of  Education.  An  arrangement  has  been  made  by 
which  the  specialist  in  agricultural  education  for  the  State  Department  of 
Education  is  a  lecttirer  on  the  staff  of  the  Department  of  Rural  Edu- 
cation at  ComeU.  Each  term  this  official  spends  some  time  at  the  College, 
lecturing  on  rural  education  and  meeting  prospective  teachers  of  agri- 
'  culture  and  home  making.  The  head  of  this  Department  has  been  made 
a  member  of  the  staff  of  the  State  Department  of  Education. 

In  the  summer  of  191 5  the  specialist  in  agricultural  education  called 
for  a  conference  of  the  teachers  of  vocational  agriculture,  to  be  held  for 
one  week.  This  Department  cooperated  with  him  in  conducting  this 
meeting. 


Digitized  by  VjOOQ IC 


Department  of  Rural  Education  Ixxvii 

Plans  have  been  completed  for  a  series  of  bulletins  to  be  issued  jointly 
by  the  Division  of  Agriculttu-al  and  Industrial  Education  of  the  Uni- 
versity of  the  State  of  New  York  and  this  Department.  Bulletin  i  in 
this  series  was  issued  on  August  15,  1915. 

In  cooperation  with  the  Division  of  Agricultural  and  Industrial  Education, 
arrangements  have  been  made  by  which  eight  seniors  will  be  placed  in 
high  schools  as  assistants  to  the  regular  teachers  of  agriculture.  Each 
senior  will  stay  for  a  half  year. 

rbcommbndations 

Provision  should  be  made  for  meeting  the  demands  on  the  Department 
for  instruction,  otherwise  it  will  be  necessary  to  limit  the  number  of 
students  admitted  to  the  courses  oflEered  by  the  Department.  There 
is  also  need  for  instruction  for  students  who  do  not  intend  to  teach  but 
who,  as  school  patrons,  should  be  in  a  position  to  cooperate  intelligently 
with  rural  educational  agencies. 

The  Department  is  in  need  of  facilities  for  cooperating  with  the  Depart- 
ment of  Home  Economics  in  preparing  teachers  of  home  making. 

The  increase  in  the  teaching  staff  should  be  large  enough  so  that  the 
members  may  have  opporttmity  for  research. 

At  an  early  date  an  experienced  person  should  be  put  in  charge  of  the 
jtmior  extension  work  with  persons  from  twelve  to  eighteen  years  of  age. 
There  is  need  for  some  one  to  follow  this  work  closely. 

GEORGE  A.  WORKS, 

Professor  of  Rural  Education. 
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DEPARTMENT  OF  HOME  ECONOMICS 

TEACHING 

The  instructional  work  of  the  Department  of  Home  Economics  includes 
courses  in  foods  aijd  nutrition,  household  and  institution  management, 
clothing,  shelter,  and  historical  coiu-ses  concerning  the  family.  The 
ntunber  of  courses  given  last  year  was:  first  term,  13;  second  term,  15; 
winter  course,  7 ;  summer  school,  7 .  The  total  number  of  students  regis- 
tered in  the  Department  for  all  courses  was  338,  as  against  322  for  the 
preceding  year.  The  total  number  of  persons  giving  instruction  was 
two  professors,  three  assistant  professors,  three  instructors,  one  assistant, 
and  three  student  assistants.  The  total  clerical  force  was  one  financial 
secretary,  part  time,  one  executive  secretary,  one  clerk  for  reading  courses, 
one  stenographer,  and  part  time  of  a  second  stenographer.  Other  persons 
assisting  in  the  work  of  the  department  were:  one  storekeeper,  two  houscw 
keepers,  one  janitor,  and,  for  the  cafeteria,  one  baker,  one  assistant  baker, 
one  cook,  one  assistant  cook,  two  cleaners,  and  a  varying  number  of 
students  paid  by  the  hour. 

CAFETERIA 

The  annual  receipts  of  the  Home  Economics  Cafeteria  amoimt  to  about 
$44,000.  Deducting  the  expenditures  necessary  for  carrying  on  this 
work,  a  net  profit  of  about  $4000  is  shown. 

EXTENSION 

The  extension  work  of  the  Department  consists  mainly  in  the  publi- 
cation of  reading-course  lessons  for  the  farm  home,  and  in  the  organization 
of  Cornell  study  clubs,  the  preparation  of  programs  for  clubs,  correspond- 
ence with  farm  women,  work  at  farm  home  demonstration  schools,  and 
junior  extension  work  in  home  economics  in  cooperation  with  the  Depart- 
ment of  Rural  Education. 

The  reading-course  lessons  were  sent  to  42,929  readers,  5197  of  whom 
were  added  in  the  past  year.  Twelve  lessons  were  published,  one  for  each 
month.  The  Cornell  study  clubs  ntimbered  122,  including  29  new  clubs 
organized  in  19 14-15.  Members  of  the  Department  viwsited  56  of  these 
clubs  this  year.  Letters  written  in  connection  with  these  clubs  amoimted 
to  2682.  There  were  274  lectures  given  exclusive  of  those  at  farm  home 
demonstration  schools,  which  are  reported  farther  on. 

The  Department  has  conducted  this  year  38  farm  home  demonstration 
schools,  in  25  coimties.     Of  these  schools  23  were  held  in  connection 
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with  farm  demonstration  schools,  and  15  were  held  indiependently.  There 
were  35  schools  lasting  through  five  days,  i  school  for  two  days,  i  for  three 
"days,  and  i  consisting  of  four  evening  sessions  for  business  women.  At 
36  of  the  schools  there  was  one  session  a  day;  at  2  schools,  two  sessions 
a  day  were  given.  The  total  number  of  persons  enrolled  in  the  38  schools 
was  1238,  making  an  average  enrollment  per  school  of  32.6.  The  average 
number  of  instructors  per  school  was  i.i.  The  single  paid  admissions 
during  the  season  numbered  583.  The  average  attendance  per  session 
was  32.9.  The  average  percentage  of  attendance  among  enrolled  members, 
recorded  for  16  schools,  was  88.3.  The  largest  enrollment  was  60,  at 
Whitney  Point,  in  Broome  County;  the  smallest  enrollment  was  14,  at 
Horseheads.  Schools  were  held  dtuing  25  weeks  (exclusive  of  Farmers' 
Week),  giving  an  average  of  1.5  schools  a  week.  Not  more  than  3  schools 
were  held  in  any  one  week.  One  member  of  the  staff  has  given  her 
entire  time  to  farm  demonstration  work  tmder  the  Smith-Lever  ftmd. 

The  entire  cost  to  the  State  for  instruction  in  the  farm  home  demon- 
stration schools,  exclusive  of  salaries  of  staff  members,  was  $206.59. 
This  figure  is  the  difference  between  the  total  expenses,  $1173.82  (for 
supplies,  transportation  of  eqtiipment,  traveling  expenses,  and  salaries 
to  outside  lecturers),  and  the  total  fees  received,  $967.23  (for  enrolled 
members  and  for  single  admissions).  The  average  cost  per  school  to  the 
State  was  $5.44;  the  average  cost  per  enrolled  member  was  16.7  cents 
for  the  school  week,  or  approximately  5.6  cents  per  session. 

Instruction  in  the  schools  this  year  has  been  mainly  in  food  values, 
dementary  dietetics,  and  the  methods  and  principles  of  cooking. 

Junior  extension  in  home  economics  is  carried  on  in  cooperation  with  the 
Department  of  Rural  Education,  and  tmder  the  joint  supervision  of  the 
College  of  Agricultiu-e  and  the  State  Education  Department.  This 
work  is  developed  by  projects  rather  than  by  clubs.  Instruction  is  given 
chiefly  to  groups  of  rural  school  teachers,  at  conferences  called  by  the 
superintendents  of  the  schools.  This  year  instruction  has  also  been 
given  directly  to  the  children  in  rural  schools,  for  the  purpose  of  developing 
the  projects.  Ultimately  instruction  will  be  given  to  teachers  only. 
The  projects  culminate  in  school  fairs,  at  which  the  results  are  exhibited 
and  judged  by  the  specialist  in  jtmior  home  economics  from  the  College. 
A  project  is  being  carried  on  in  rural  high  schools  that  have  no  cotuises 
in  home  making.  The  purpose  of  this  project  is  threefold:  (i)  to  give 
instruction  in  home  making  to  girls  who  have  no  opportunity  of  getting 
such  instruction  through  the  school  system;  (2)  to  demonstrate  to  the 
ooomiunity  the  scope  of  a  high  school  course  in  home  making;  (3)  to 
create  a  desire  on  the  part  of  the  community  for  a  permanent  course  in 
honae  making.    In  connection  with  the  jimior  extension  work  931  letters 


Digitized  by  VjOOQ IC 


ixxx  Department  of  Home  Economics 

were  written  this  year,  and  there  were  lo  demonstrations  and  ii  lectures 
not  in  connection  with  the  school  sjrstem.  There  were  83  demonstrations 
and  talks  given  in  schools,  and  judging  was  done  at  10  school  fairs. 

FLORA  ROSE, 

MARTHA  VAN  RENSSELAER, 

Professors  oj  Home  Economics. 
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DEPARTMENT  OF  METEOROLOGY 

During  the  past  year  plans  have  been  formtdated  for  strengthening  the 
course  given  by  the  Department  of  Meteorology,  and  the  preUn^nary 
steps  have  been  taken  toward  their  execution.  These  plans  provide  for 
a  weekly  laboratory  period  in  addition  to  the  regular  lectures,  and  also 
for  giving  the  course  in  two  terms  instead  of  in  only  one.  A  temporary 
laboratory  has  been  provided  in  Rockefeller  Hall,  but  a  permanent  one 
is  needed.  That  there  is  a  healthy  interest  in  the  work  of  the  Department 
is  shown  by  the  ntunber  of  registrations,  which  amounted  to  242. 

WILFORD  M.  WILSON, 

Professor  of  Meteorology. 
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On  September  30,  1915,  there  were  31  farm  bureatis  in  New  York 
State  having  managers  at  work.  In  two  other  counties,  Albany  and 
Tioga,  the  organization  of  a  farm  bureau  association  had  been  completed. 
These  33  bureaus  serve  67.8  per  cent  of  all  the  farms  in  the  State,  and  the 
counties  comprise  67.6  per  cent  of  all  the  area  of  the  State  in  farms.  In 
other  words,  of  the  total  area  of  22,030,367  acres  in  the  State  in  farms, 
14,904,980  acres  are  in  counties  having  a  farm  bureau  organization;  and 
of  the  215,797  farms  in  the  State,  146,203  are  served  by  farm  bureau 
organizations.  The  total  membership  in  the  bureau  associations  on 
July  I  was  8769. 

The  total  estimated  resources  in  farm  bureau  work  in  191 5  were 
$107,271.25,  or  $3973  per  county.  The  estimated  expenditures  for  the 
same  period  were  $98,661,  or  $3654.11  per  county.  The  chief  contributors 
to  the  support  of  the  work  were:  Boards  of  Supervisors,  $40,248.29; 
New  York  State  Department  of  Agriculture,  $16,200;  United  States 
Department  of  Agriculture,  $17,400;  memberships,  $8276.50;  Chambers 
of  Commerce,  $6361;  railroads  (cash),  $6298;  private  and  corporation 
contributions,  $4535;  miscellaneous,  including  balances  from  previous 
year,  $8553.46. 

The  principal  items  of  expense  of  the  bureau  in  191 5  were:  salaries, 
$S3,8io;  traveling  expenses,  $4925;  office  rent  (including  values  not  cash), 
$5963;  stenographic  help,  $8825;  office  equipment,  printing,  telegraph, 
and  telephone,  $6778;  automobiles  —  purchase  cost,  repairs,  and  main- 
tenance, $10,915;  new  equipment,  $i9i5;expert  help,  $1378; miscellaneous, 
$4152. 

The  total  amount  of  field  test  and  demonstration  work  laid  out  up  to 
July  I,  19 1 5,  was  3128  cooperative  tests,  distributed  as  follows:  orchard 
renovation  344,  meadow  fertilization  212,  com  silage  269,  alfalfa  329, 
vetch  369,  other  legumes  150,  potato  work  388,  use  of  lime  409,  oat  smut 
control  224,  miscellaneous  434.  This  is  an  average  of  105  tests  per 
county.  Up  to  July  i,  1064  farm  management  siu^eys  had  been  taken 
and  340  livestock  demonstrations  held,  and  the  total  attendance  at  608 
field  meetings  held  previous  to  July  i  was  14,679. 

Eighty-six  subsidiary  or  supplementary  organizations  had  been  formed 
or  assisted  in  organizing  by  the  farm  bureaus,  as  follows:  cow  testing 
associations,  38;  breeders'  associations,  14;  poultry  associations,  4;  coop- 
erative buying  and  selling  associations,  17;  potato  associations  (chiefly 
for  standardization),  7;  miscellaneous,  6. 

The  efficiency  of  farm  bureau  work  may  perhaps  be  best  indicated  by 
the  total  number  of  persons  who  are  brought  into  effective  contact  with 
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the  bureau  organization  and  leader,  and  led  to  do  something  for  them- 
selves and  their  neighborhoods.  Probably  the  best  means  of  accomplish- 
ing this  are:  (i)  by  cooperation  in  the  field  tests;  (2)  by  demonstration 
meetings  on  the  test  plots  in  the  field;  (3)  by  membership  in  live  organi- 
zations; and  (4)  by  personal  contact  through  farm  visits  and  office  calls. 

The  five  counties  in  the  State  having  the  largest  membership  in  their 
farm  bureau  associations  are:  Otsego,  with  866;  Wyoming,  with  620; 
Chenango,  with  580;  Monroe,  with  480;  and  Orange,  with  415.  The 
farm  bureaus  in  these  five  counties  are  probably  among  the  seven  or 
eight  strongest  in  the  State. 

Of  the  31  associations,  about  half  are  in  good  condition;  there  is  still 
room  for  growth  and  improvement  in  most  of  these,  but  they  are  in  good 
working  order  and  have  no  very  difficult  problems.  In  the  other  associa- 
tions, the  plan  is  satisfactory  but  it  is  not  being  properly  carried  out;  in 
these  counties  it  will  be  necessary  to  in  some  way  arouse  more  enthusiasm 
and  get  the  plan  into  better  working  condition. 

The  activities  of  the  central  office  may  be  divided  into  three  principal 
groups  —  organization  work,  assisting  in  the  making  of  programs  and 
projects,  and  office  work. 

The  organization  work  consists  in  helping  to  perfect  the  organization 
and  methods  of  work  in  old  counties,  and  in  the  organization  of  buireaus 
in  new  counties.  Since  January  i,  1915,  bureaus  have  been  organized 
in  five  counties  and  have  begun  work:  Orange,  on  January  i ;  Chenango, 
on  February  15;  Saratoga,  on  February  15;  SulUvan,  on  May  i;  and 
Westchester,  on  August  i.  The  organization  of  bureaus  in  Tioga  and 
Albany  Counties  has  been  completed  and  these  bureaus  are  ready  to  begin 
work. 

During  the  winter  the  main  field  work  of  the  central  office  was  given 
to  the  drawing  of  programs  and  projects  in  the  counties.  Twenty-eight 
of  the  thirty-one  counties  now  have  fairly  definite  programs.  At  least 
four  of  these  programs  are  comprehensive,  fit  the  needs  of  the  cotmties, 
and  are  practically  all  that  could  be  desired;  fourteen  counties  have 
programs  that  may  be  considered  good;  ten  are  only  fair  in  their  com- 
prehensiveness and  completeness.  Projects  have  been  drawn  in  practically 
all  the  counties  to  carry  out  the  programs. 

The  director  and  the  assistant  director  have  spent  practically  as  many 
days  in  the  field  as  in  the  office.  One  hundred  days  have  been  spent  in 
the  counties  having  farm  bureaus  (an  average  of  nearly  four  days  per 
county),  meeting  committees,  inspecting  the  work,  helping  to  draw 
programs  and  projects,  and  organizing  the  bureaus.  Organization  has 
taken  more  time  than  any  other  type  of  work.  An  average  of  four  indi- 
vidual conferences  have  been  held  with  each  manager  on  some  feature  of 
the  work. 
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The  principal  agricultural  problems  in  the  farm  bureau  counties  may  be 
divided  into  four  groups:  (i)  in  relation  to  soils,  (2)  in  relation  to  crops, 
(3)  in  relation  to  livestock,  and  (4)  in  relation  to  the  people  and  the 
farmstead. 

In  relation  to  soils  the  principal  problems  seem  to  be:  the  use  of  lime 
to  correct  acidity,  mentioned  by  27  managers;  drainage,  mentioned  by 
21  managers;  increased  fertility  and  the  use  of  commercial  fertih'zers, 
mentioned  by  19  managers;  the  correction  of  the  physical  condition  of 
a  soil  by  the  addition  of  humus,  mentioned  by  16  managers.  In  addition 
to  these,  tillage,  including  deeper  plowing,  was  mentioned  as  an  important 
soil  problem  by  11  managers,  the  necessity  of  the  use  of  add  phosphate 
in  restoring  soil  fertility  by  8  managers,  and  the  need  of  a  definite  rotation 
by  4  managers. 

In  relation  to  crops  the  principal  problems  seem  to  be:  the  introduction 
of  legumes  and  protein  crops  for  the  dairy;  the  increasing  of  cash  crop 
diversity;  the  control  of  insect  pests  and  diseases;  the  determination  of 
the  best  varieties,  particularly  of  seed  com;  the  standardization  of  crops; 
the  improvement  of  pastures;  orchard  renovation;  seed  selection ;  improve- 
ment of  quality;  the  adaptation  of  crop  and  variety  to  soil;  and  marketing. 
The  use  of  legumes  was  mentioned  by  2  5  managers,  cash  crops  and  diversity 
by  21,  control  of  insects  and  diseases  by  10,  rotation  by  7,  standardization 
of  markets  by  6,  and  tillage  by  5. 

In  relation  to  livestock  the  principal  problems  seem  to  be:  elimination 
of  poor  cows  by  any  possible  means,  but  chiefly  through  cow  testing 
association  work;  the  improvement  of  stock,  chiefly  through  purebreds; 
and  the  reduction  of  the  cost  of  feeds,  chiefly  by  the  use  of  silage  and 
better  roughage.  A  few  managers  mentioned  the  keeping  of  records  and 
the  price  of  the  product,  while  7  mentioned  naarketing  and  6  mentioned 
diversity  by  the  introduction  of  hogs,  horses,  poultry,  and  young  stock. 
The  need  of  better  or  purebred  stock  was  mentioned  by  22  naanagers, 
the  elimination  of  poor  cows  by  18,  and  reduction  in  the  cost  of  feed 
by  II. 

In  relation  to  the  problems  of  the  people  and  of  the  farmstead  in  the 
various  counties,  there  was  great  difference  of  opinion.  The  use  of  better 
business  methods,  including  cheaper  suppb'es  and  standardization,  was 
mentioned  as  important  by  18  men;  home  improvement,  including  higher 
ideals,  was  mentioned  by  17  men;  school  problems  were  mentioned  by 
14  men.  Other  problems  mentioned  were  the  need  of  more  public  spirit, 
increased  social  and  reading  facilities,  lack  of  cooperation,  and  local 
leadership. 

M.  C.  BURRITT, 

Director  oj  Farm  Bureaus, 
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TEACHIlfO 

Pour  courses  were  given  by  the  Department  of  Extension  Teaching 
this  year,  including  one  winter  course.  The  enroUment  was  272,  as 
compared  with  244  for  the  preceding  year. 

The  various  competitions  in  public  speaking  were  well  contested  and 
interest  in  them  was  marked.  The  speakers  in  these  contests  were  coached 
by  members  of  the  departmental  staff. 

EXTENSION 

The  extension  activities  arranged  by  the  Department  in  the  past  year 
covered  the  following  Unes:  Farmers'  Week,  farm  demonstration  schools, 
field  demonstrations,  farm  demonstration  cars,  demonstrations  by  way  of 
educational  exhibit  material  at  the  State  Fair  and  at  town  and  county 
fairs,  reading-course  dubs,  lecture  courses,  and  demonstrations  and 
individual  lectures  by  members  of  the  college  staff  at  commimity  meetings 
and  agricultural  assembles.  Attendance  at  these  various  meetings  and 
demonstrations  was  as  follows:  Farmers'  Week,  4100;  farm  demonstra- 
tion schools,  1 741;  farm  demonstration  cars,  6484;  individual  meetings 
and  demonstrations,  62,672;  total,  74,997.  Letters  received  by  the 
Department  amounted  to  21,612,  and  there  were  22,292  letters  sent  out. 

farmers'  week 

The  eighth  annual  Farmers'  Week  was  held  during  the  week  of  February 
8  to  13.  The  registered  attendance  was  3077,  an  increase  of  526,  or  more 
than  20  per  cent,  over  the  registration  for  19 14.  It  was  impossible  to 
register  all  the  visitors,  but  the  total  attendance  during  the  week  was 
estimated  at  about  4100.  Of  the  persons  registered,  about  96  per  cent 
were  from  New  York  State,  representing  58  counties.  Twenty-one 
States  and  the  District  of  Columbia  were  represented,  and  delegates 
were  present  from  Hawaii  and  Japan.  In  spite  of  the  unusually  large 
crowds  there  was  less  congestion  than  usual,  as  there  were  three  new 
buildings  to  help  relieve  conditions  —  Caldwell  HaU,  the  new  Animal 
Husbandry  Building,  and  the  Stock  Judging  Pavilion. 

The  program  for  the  week  presented  fewer  lectures  than  in  former 
years,  the  influence  of  the  idea  of  education  by  demonstration  being 
shown  in  the  increased  number  of  laboratory  courses,  competitions, 
exhibitions,  and  demonstrations  that  were  introduced.  Consequently 
there  were  fewer  lecturers  than  usual  from  outside  the  College,  more  of 
the  work  being  conducted  by  members  of  the  staff.    The  faculty  was  left 
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free  to  do  this  by  the  help  of  the  students,  who  worked  on  various  com- 
mittees and  took  charge  of  much  of  the  great  amount  of  detail  incident 
to  an  enterprise  as  comprehensive  as  Farmers*  Week.  The  work  of  these 
student  committees  has  become  so  important  that  it  would  be  almost 
impossible  to  conduct  Farmers'  Week  without  their  assistance. 

An  added  feature  of  the  week  was  the  free  exhibition  of  motion  pictures 
in  Bailey  Hall  during  the  noon  hour  each  day. 

There  were  held  during  the  week  269  lectures,  26  demonstrations, 
17  contests,  38  laboratory  courses,  and  15  entertainments  and  banquets. 
The  lecturers  from  outside  the  College  numbered  65.  There  were  16 
conventions  and  conferences  held  by  various  organizations. 

FARM  DEMONSTRATION  SCHOOLS 

There  were  held  in  the  past  year  47  farm  demonstration  schools,  in 
26  counties.  The  total  enrollment  was  1741,  the  average  enrollment 
per  school  was  37,  the  average  attendance  per  session  was  25.4,  and  the 
average  number  of  instructors  per  school  was  2.9.  The  largest  enroll- 
ment was  63,  at  Newfane,  in  Niagara  County;  this  school  also  had  the 
best  percentage  of  attendance,  this  being  86.  The  lowest  attendance 
was  at  Union  Springs,  where  the  total  enrollment  was  20  and  the  average 
attendance  per  session  was  9;  the  school  at  Union  Springs  was  also  the 
weakest  school  held  in  the  preceding  season.  The  first  school  was  held 
during  the  week  of  November  30  to  Deceinber  4,  the  last  during  the 
week  of  March  22  to  26.  Not  more  than  four  schools  were  held  in  any 
one  week,  and  only  one  school  was  held  in  the  last  week  of  the  season. 
The  average  number  of  schools  per  week  was  3.2. 

It  is  not  apparent  that  the  demonstration  school  season  shpuld  be 
shortened.  The  weather  has  frequently  been  a  factor  for  low  attendance 
during  January  and  February.  This  year,  out  of  five  schools  having  an 
enrollment  below  30,  one  was  held  in  December,  one  in  the  third  week  of 
April,  and  three  in  January  and  February.  With  more  attention  given 
from  the  College  to  local  organization  and  a  study  of  local  needs,  the 
average  attendance  might  be  very  materially  increased;  and  in  normal 
years  schools  should  be  successful  in  this  particular  throughout  the  period 
from  December  i  to  March  31. 

In  certain  sections,  notably  Ontario,  Niagara,  and  Monroe  Counties, 
fruit  schools,  offering  instruction  in  orchard  management,  entomology, 
and  plant  pathology,  might  be  advantageously  arranged  to  cover  a  circuit 
in  the  fruit  belt.  This  suggestion  is  offered  as  an  experiment  to  meet 
special  needs. 

The  greatest  demand  for  schools  is  in  animal  husbandry,  followed  in 
order  by  farm  crops,  soils,  fruit  growing,  poultry,  farm  management, 
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plant  pathology,  insect  pests,  vegetable  gardening,  farm  plumbing,  gas 
engines,  agricultural  chemistry.  There  is  need  for  additional  workers  in 
animal  husbandry,  farm  crops,  and  soils  in  the  order  named,  several  appli- 
cations for  schools  having  been  withdrawn  because  of  inability  of  the 
Department  to  furnish  instruction  in  these  subjects. 

A  comparison  of  figures  for  the  last  several  years  shows  that  many 
counties  have  not  been  reached  through  schools  and  that  in  some  counties 
two  or. three  schools  have  been  held  each  season.  While  the  advanced 
nature  of  the  work  will  not  permit  an  immediate  equitable  distribution 
of  schools  geographically,  it  is  planned  to  work  toward  this  end. 

The  season  has  been  a  successful  one.  Attendance  was  reported  excellent 
in  nearly  seventy-five  per  cent  of  the  schools.  Replies  to  a  drcular  letter 
concerning  the  usefulness  of  the  schools,  received  to  date,  are  summarized 
as  follows:  favorable  comments,  510;  unfavorable  comments,  14;  neutral 
statements,  37. 

demonstration  cars 

Demonstration  cars  were  nm  as  follows: 

One  in  animal  husbandry,  dairy  industry,  and  farm  management,  in 
cooperation  with  the  New  York  Central  Railroad,  from  March  23  to 
April  10.    Stops  were  made  at  17  places  and  the  total  attendance  was 

2575. 

One  in  animal  husbandry,  farm  crops,  and  soil  technology,  in  coopera- 
tion with  the  Erie  Railroad,  from  April  13  to  April  20.  Stops  were  made 
at  14  places  and  the  total  attendance  was  529. 

One  in  pomology,  in  cooperation  with  the  New  York  State  Depart- 
ment of  Agriculture  and  the  New  York  Central  Railroad,  from  August  2 
to  August  21.  Stops  were  made  at  38  places  and  the  total  attendance 
was  2751. 

One  in  farm  crops,  plant  breeding,  and  plant  pathology,  in  cooperation 
with  the  New  York  Central  Railroad,  from  August  25  to  September  4. 
Stops  were  made  at  12  places  and  the  total  attendance  was  629. 

PAIR  exhibits 

This  year,  in  arranging  for  exhibits  to  be  sent  to  town  and  county  fairs, 
the  local  associations  were  asked  to  pay  all  transportation  charges  and  all 
traveling  expenses.  Exhibits  were  sent  to  18  fairs.  At  7  fairs  members 
of  the  college  staff  acted  as  judges  of  farm  produce  and  livestock.  Eight 
fair  associations  withdrew  their  requests  for  exhibits,  on  advice  that  they 
would  have  to  pay  all  expenses. 

The  following  departments  were  represented  with  exhibits  at  the  New 
York  State  Fair  at  Sjrracuse,  New  York,  September  13  to   18:  Animal 
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Htisbandry,  Forestry,  Plant  Breeding,  Dairy  Industry,  Farm  Crops, 
Botany  (Plant  Physiology),  Pomology,  Entomology  (including  Orni- 
thology), Vegetable  Gardening,  Soil  Technology,  Farm  Management, 
Poultry  Husbandry,  Agricultural  Chemistry,  Rural  Engineering,  Extensictti 
Teaching,  Plant  Pathology,  Floriculture. 

CORNELL  READING   COURSE  FOR  THE  FARM 

The  number  of  persons  enrolled  for  the  Cornell  Reading  Course  for  the 
Farm  has  increased  during  the  year  by  over  120  per  cent.  The  enrollment 
has  increased  rapidly  during  the  last  three  years,  as  is  shown  by  the 
following  figures: 

Year  Enrollment 

1912-13 3 ,884 

X9X3-M 5>877 

1914-15 12 ,984 

In  the  past  year  18  new  Cornell  study  clubs  have  been  organized,  and 
7  dubs  organized  in  earlier  years  have  reported.  Fourteen  meetings 
have  been  attended  in  the  interest  of  study  club  work. 

Instruction  in  accordance  with  modem  correspondence  methods  is  now 
offered  in  the  advanced  reading  courses  in  fruit  growing  and  vegetable 
gardening.  Textbooks,  bulletins,  questions,  and  correspondence  are 
used.  The  required  work  is  graded  and  returned  with  comments  through 
the  cooperation  of  the  Departments  of  Pomology  and  Vegetable  Garden- 
ing. An  effort  is  made  to  adapt  the  principles  and  practices  discussed  to 
local  conditions.  The  textbooks  are  bought  from  the  publishers  by 
members  of  the  coiu"se.    No  college  credit  nor  certificate  is  granted. 

RECOMMENDATIONS 

Previous  reports  of  this  Department  have  emphasized  the  necessity 
of  establishing  demonstration  schools,  lecture  and  correspondence  coiu-ses, 
exhibits,  instruction  for  undergraduates,  and  other  forms  of  extensic«i 
activity.  These  lines  have  been  established.  It  is  now  a  question  of 
their  normal  and  consistent  growth. 

No  longer  is  it  practicable  to  set  forth  standardized  advice  in  the  grow- 
ing of  crops  and  animals  to  be  applicable  throughout  the  State.  Con- 
ditions are  too  varied.  Modifications  are  so  nimierous  as  to  almost 
overthrow  a  principle,  and  regional  application  must  be  made.  In  order 
to  do  this,  the  experiment  station  must  first  make  the  experiments,  and 
the  extension  staff  must  then  study  the  results  sufficiently  to  make 
effective  applications.  The  grape  district  of  Chautauqua  and  the  truck 
districts  of  Monroe  County  and  Long  Island  are  examples  of  localities 
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needing  special  principles-  So  great  is  this  need  on  Long  Island  that 
the  appointment  of  a  properly  trained  man  to  give  full  time  to  that  section 
is  recommended. 

The  recognition  of  regional  crop  lines  in  the  State  brings  attention  to 
the  need  of  an  artificial  division  of  the  State,  so  that  one  man  may  give 
his  attention  to  the  general  needs  of  a  comparatively  small  area.  Ulti- 
mately from  twelve  to  fifteen  such  divisions  should  be  made,  but  in  the 
near  future  there  should  be  at  least  four. 

Now  that  farm  bureaus  are  established  and  the  extension  service  is 
growing  through  aid  from  the  Federal  Government,  there  is  need  of  the 
closest  correlation  of  all  State  agricultural  agencies,  with  particular 
attention  to  the  extension  service  and  the  farm  bureaus.  This  is  rapidly 
being  brought  about. 

In  the  general  division  of  funds  of  the  College  in  the  extension  service, 
the  time  has  come  when  there  is  need,  not  of  additional  new  lines,  but 
that  the  old  should  be  strengthened  with  additional  appropriations.  The 
fundamental  subjects  of  farm  crops,  soils,  and  animal  husbandry  must 
have  many  times  their  present  assistance  if  they  are  to  meet  the  demands 
in  this  field. 

A  new  subject  arising  from  the  demands  of  the  people  is  the  teaching  of 
comniunity  music,  or  the  aiding  in  community  grouping  through  desire 
of  the  people  to  express  themselves  collectively  by  means  of  song.  This 
is  psychologically  at  the  bottom  of  successful  cooperation.  More  atten- 
tion is  to  be  given  to  this  subject  through  the  presence  on  the  regular 
departmental  staff  of  a  man  who  is  qxialified  for  this  work. 

By  reason  of  the  increase  in  the  extension  staff,  the  headquarters  of  the 
Department  are  crowded.  There  are  three  extension  men  in  need  of  office 
space. 

In  order  to  continue  a  consistent  growth  of  that  which  is  now  estab- 
lished, and  to  meet  the  demand  for  the  development  of  rural  interests  in 
the  State,  an  increase  in  funds  for  extension  service  is  imperative.  The 
time  has  come  when  the  extension  funds  should  bear  a  higher  ratio  to  the 
general  maintenance  funds. 

C.  H.  TUCK, 
Professor  oj  Extension  Teaching, 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


MARCH,  1915  MBMOm  No.  5 

CORNELL  UNIVERSITY 
AGRICULTURAL  EXPERIMENT   STATION 

OF  THE  COLLEGE  OF  AGRICULTURE 


PHYSIOLOGICAL  STUDIES  OF  BACILLUS  RADICICOLA 
OF  CANADA  FIELD  PEA 


Br  MARTIN  J.  PRUCHA 

■OUfSBLT  AaaiSTAMT  PltOI«880B  OV  PLANT  PHT8I0IOOT 
AT  COBNSLL  UltTVmSITr 


ITHACA,  NE,V  YORK 
PUBLISHED  BY  THE  UNIVERSITY 


ill 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQ IC 


CORNELL  UNIVERSITY 

AGRICULTURAL  EXPERIMENT  STATION 

Experimenting  Staff 

BEVERLY  T.  GALLOWAY,  B.Agr.Sc.,  LL.D.,  Director. 

ALBERT  R.  MANN.  B.S.A..  Secretary. 

JOHN  H.  COMSTOCK,  B.S.,  Entomology. 

HENRY  H.  WING,  M.S.  in  A«r..  Animal  Husbandry. 

T.  LYTTLETON  LYON,  Ph.D.,  SoU  Technology. 

JOHN  L.  STONE,  B  Agr..  Farm  Practice. 

JAMES  £.  RICE.  B.S.A..  Poultry  Husbandry. 

GEORGE  W.  CAVANAUGH,  B.S.,  Agricultural  Chemiatry. 

HERBERT  H.  WHETZEL,  M.A.,  Plant  Pathology. 

ELMER  O.  FIPPIN,  B.S.A.,  Soil  Technology. 

G.  F.  WARREN,  Ph.D.,  Farm  Management. 

WllAAAM  A.  STOCKING.  Jr.,  M.  S.A.,  Dairy  Industry. 

CHARLES  S.  WILSON.  A.B.,  M.S.A.,  Pomology 

WILFORD  M.  WILSON,  M.D.,  Meteorology. 

RALPH  S.  HOSMER,  M.F.,  Forestry. 

JAMES  G.  NEEDHAM,  Ph.D.,  Entomology  and  Limnology. 

ROLLINS  A.  EMERSON,  Ph.D..  Plant  Breeding. 

HARRY  H.  LOVE.  Ph.D..  Plant  Breeding. 

ARTHUR  W.  GILBERT,  Ph.D..  Plant  Breeding. 

DONALD  REDDICK,  Ph.D.,  Plant  Pathology. 

EDWARD  G.  MONTGOMERY,  M.A.,  Farm  Grope. 

WILLIAM  A.  RILEY,  Ph.D.,  Entomology. 

MERRITT  W.  HARPER,  M.S.,  Animal  Husbandry. 

J.  A.  BIZZELL.  Ph.D.,  Soil  Technology. 

GLENN  W.  HERRICK.  B.S.A.,  Economic  Entomology. 

HOWARD  W.  RILEY,  M.E.,  Farm  Mechanics. 

CYRUS  R.  CROSBY,  A.B.,  Entomology. 

HAROLD  E.  ROSS.  M.S.A.,  Dahry  Industry. 

KARL  McK.  WIEGAND,  Ph.D.,  Botany. 

EDWARD  A.  WHITE,  B.S.,  Floriculture. 

WILLL/kM  H.  CHANDLER,  M.S.  in  Agr.,  Pomology. 

ELMER  S.  SAVAGE,  M.S.A..  Ph.D.,  Animal  Husbandry. 

LEWIS  KNUD60N.  Ph.D.,  Plant  Physiology. 

KENNETH  C.  LIVERMORE,  B.S.  in  Agr.,  Farm  Management. 

ALVIN  C.  BEAL.  Ph.D.,  Floriculture. 

MORTIER  F.  BARRUS,  Ph.D..  Plant  Pathology. 

CLYDE  H.  MYERS,  M.S.,  Ph.D.,  Plant  Breeding. 

GEORGE  W.  TAILBY,  Jb.,  B.S.A.,  Superintendent  of  Live  Stock. 

EDWARD  S.  GUTHRIE,  M.S.  in  Agr.,  Ph.D..  Dairy  Industry. 

JAMES  C.  BRADLEY,  Ph.D.,  Entomology. 

PAUL  WORK,  B.8.,  A.B.,  Vegetable  Gardening. 

JOHN  BENTLEY.  Jr.,  B.S.,  M.F.,  Forestry. 

EARL  W.  BENJAMIN,  Ph.D.,  Poultry  Husbandry. 

EMMONS  W.  LELAND,  B.S.A.,  SoU  Technology. 

CHARLES  T,  GREGORY,  Ph,D..  Plant  Pathology. 

WALTER  W.  FISK,  M.S.A..  Dairy  Industry. 

ARTHUR  L.  THOMPSON,  M.S.  in  Agr..  Farm  Management. 

ROBERT  NLATHESON,  Ph.D.,  Entomology. 

HORACE  M.  FICKERILL,  B.S..  Dairy  Industry. 

MORTIMER  D.  LEONARD.  B.S..  Entomology. 

FRANK  E.  RICE.  Ph.D.,  Agricultural  Chemistry. 

V.  B.  STEWART,  Ph.D.,  Plant  Pathology. 

BRISTOW  ADAMS.  B.A.,  Editor. 

LELA  0.  GROSS,  Aasistant  Editor. 


The  nvriar  baDetmi  of  the  Statkn  are  sent  free  on  request  to  reddanti  of  New  Yofk  SUto. 

bl 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


CONTENTS 

PAGS 

Introduction 9 

Scope  of  the  investigation 9 

Method  of  investigation 10 

Oi^anism 10 

Media 10 

Sterilization  of  utensils 10 

Sterilization  of  seed 10 

Sterilization  of  media  and  soil 12 

Method  of  growing  the  plants 12 

Inoculations 13 

Examination  of  plants  for  nodules 13 

Special  method  for  growing  plants  under  sterile  conditions . .  13 

Part  I.  Isolation  and  identification  of  the  organism 14 

Isolation  of  Bacillus  radicicola 14 

Identification  of  the  organism 15 

Morpholc^y  of  the  organism 16 

Cultural  and  biochemical  features 18 

Part  II.  Influence  of  certain  factors  on  nodule  production 19 

Experiment  1.  Influence  of  aeration  in  light  and  in  darkness 21 

Experiment  2.  Influence  of  some  nutrient  solutions  in  light  and 

in  darkness 22 

Experiment  3.  Influence  of  potassium  nitrate  in  light  and  in 

darkness 24 

Experiment  4.  Influence  of  potassium  nitrate  and  calcium  nitrate 

in  Pfeffer's  solution 26 

Experiment  5.  Influence  of  various  concentrations  of  Pfeflfer's 

solution,  both  with  and  without  nitrates 26 

Experiment  6.  Influence  of  Pfeffer's  solution  in  which  the  essen- 
tial elements  were  absent 26 

Elxperiment  7.  Influence  of  moisture 27 

EiXperiment    8.  Influence    of    certain    substances    in    varying 

quantities 27 

Elxperiment  9.  Influence  of  certain  additional  substances 29 

Genera]  discussion  of  results  of  experiments 32 

15) 


Digitized  by  VjOOQ IC 


6  Contents 

PAGE 

Fart  III.  Influence  of  various  media  on  the  infecting  power  and  the 

vitality  of  Bacillus  radicicola 32 

Experiment  10.  Influence  of  clay,  loam,  sand,  and  carborundum  39 
Experiment  11.  Influence  of   hydrochloric    acid,    sodium    hy- 
droxide, and  cane  sugar,  in  varying  concentrations 41 

Experiment  12.  Influence  of  some  other  media 47 

Experiment  13.  Influence  of  media  300,  310,  335,  and  400 68 

Summary 73 

General  discussion 75 

Acknowledgments 78 

Bibliography 79 


Digitized  by  VjOOQ IC 


PHYSIOLOGICAL  STUDIES    OF    BACILLUS   RADICICOLA 
OF    CANADA  FIELD   PEA 


[7) 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQ IC 


PHYSIOLOGICAL   STUDIES    OF    BACILLUS    RADICICOLA 

OF  CANADA  FIELD  PEA^ 

Mabtin  J.  Prucha 

INTRODUCTION 

Ever  since  the  discovery  that  the  formation  of  nodules  on  the  roots  of 
legumes  is  associated  with  a  definite  microorganism,  there  have  appeared 
on  the  market  pure  cultures  of  this  organism  for  the  artificial  inoculation 
of  leguminous  plants.  Nobbe  and  Hiltner  (1897)*  first  caused  to  be 
placed  on  the  market  a  pure  culture  called  nitragin,'  in  which  the  medium 
employed  was  gelatin.  The  eflSciency  of  the  culture  was  low,  and  Nobbe 
and  Hiltner  explained  this  by  ascribing  to  the  culture  a  loss  of  infecting 
power  due  to  the  medium  used.  Moore  (1905)  stated,  as  a  result  of  his 
work,  that  the  virulence  of  the  organism  was  impaired  when  it  was  prop- 
agated on  nitrogenous  media,  and  consequently  he  used  a  nitrogen-free 
medium. 

The  same  opinion  has  been  held  by  various  other  investigators,  and 
is  observed  by  all  firms  and  institutions  that  distribute  pure  cultures 
of  the  l^ume  organism.  Despite  the  fact  that  media  low  in  nitrogen 
have  been  employed,  the  results  with  pure  cultures  have  not  always 
been  satisfactory,  and  Kellerman  (1912)  has  stated  that  the  pure 
cultures  have  not  been  as  efiicient  as  field  soil.  It  would  seem,  then,  that 
the  conditions  of  isolation  and  cultivation  of  the  l^ume  organism  must 
influence  the  organism,  or  that  possibly  the  soil  conditions  would  exert 
some  influence  on  the  efiiciency  of  the  organism  to  effect  inoculation  or 
would  have  an  influence  on  the  plant  to  resist  infection. 

SCOPE  OP  THE  INVESTIGATION 

With  these  ideas  in  mind,  the  investigation  herewith  reported  was 
undertaken.  It  is  concerned  with  the  following:  (1)  Isolation  and  iden- 
tification of  the  organism  causing  nodule  development  on  the  roots  of 
Canada  field  pea;  (2)  A  study  of  the  influence  of  various  factors  on  nodule 

'  Laboratoiy  of  Flftnt  Fhsraiology,  Contribution  No.  15. 
'  D»t«  in  parenthesu  refer  to  bibliography,  page  79. 
'  This  is  DOt  the  nitragin  now  on  the  market. 
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development  in  Canada  field  pea  when  the  plant  is  grown  in  water  or 
soil  cultures;  (3)  A  study  of  the  influence  of  various  environmental  con- 
ditions on  the  infecting  power  of  the  organism. 

METHOD   OF   INVESTIGATION 

Organism 
BcuAUus  radicicola  from  Canada  field  pea  was  used  for  all  the  experiments 
except  number  11,  for  which  the  organism  from  alfalfa  was  used.  The 
organism  was  isolated  as  described  on  page  14.  The  stock  culture  was 
kept  in  the  laboratory  on  agar  slopes  of  medium  335,  and  was  exposed 
to  diffused  light  during  the  entire  investigation.  It  was  transferred  at 
irregular  intervals  of  time  varying  from  one  to  three  months. 

Media 
The  various  kinds  of  media  used  are  referred  to  in  the  text  by  their 
laboratory  numbers.  In  table  1  are  given  the  laboratory  numbers  and 
the  composition  of  the  principal  media  employed.  In  addition  to  these 
a  number  of  other  media  were  used,  and  these  are  described  subsequently. 
All  the  media  were  prepared  according  to  the  recommendations  on  the 
Descriptive  Chart  of  the  Society  of  American  Bacteriologists. 

Sterilization  of  tUensils 

Strict  precautions  were  observed  in  sterilizing  all  the  utensils.  Glassware 
was  sterilized  for  two  hours  at  from  150°  to  170°  C.  Scalpels  and  similar 
instruments,  which  resist  high  temperature,  were  heated  in  the  flame. 
For  work  requiring  air  free  from  dust,  a  room  was  used  into  which  a 
stream  of  steam  was  allowed  to  flow  until  the  air  was  saturated;  after 
condensation  of  the  steam,  the  air  in  the  room  was  conspicuously  free 
from  any  dust. 

Sterilization  of  seed 

The  experiments  in  Part  III  required  seed  free  from  B.  radicicola.  It 
was  necessary,  therefore,  to  sterilize  the  seed.  In  experiments  10  and  11, 
95-per-cent  alcohol  was  used,  the  seed  being  treated  for  thirty  seconds. 
In  experiments  12  and  13  a  solution  of  bleaching  powder  was  used.  The 
author  is  indebted  for  this  method  to  Professor  J.  K.  Wilson,  of  Cornell 
University.     The  solution  is  prepared  by  mixing  8  grams  of  bleaching 
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TABLE  1.     Laboratort  Numbers,  Composition,  and  Reaction  op  Media 


Laboratory  number 

Composition 

Reaction 

Medium  101 

0.2  gram  MgSO^ 

1  gram  KHjPO. 

0.3  gram  Ca  (S0i)2 

Not  changed 

0.01  gram  FeCh 

1000  cc.  distilled  water 

' 

Medium  300 

15  grams  agar 

3  grams  Liebig's  beef  extract 

10  grams  Witte's  peptone 

+1,  Fuller's  scale 

1000  cc.  distilled  water 

Medium  310 

Same  as  300,  plus  2  per  cent  dextrose 

Neutral 

Medium  331 

15  grams  agar 

10  grams  cane  sugar .    . 

1  gram  KHiPOi 

[  Not  changed 

0  2  prtun  MgftO, 

Medium  334 

15  grams  agar      

0.2  grain  K,HPO* 

0.2  gram  MgSOa 

0.2  gram  NaCl 

Not  changed 

0.2  gram  CaSO^ 

0.2  gram  CaCO. 

1000  cc.  tap  water 

Medium  335 

Same  as  334,  plus  20  grams  cane  sugar 

Not  changed 

Medium  337 

Same  as  335,  plus  10  grams  Witte's  peptone. . . 

Not  changed 

Medium  400 

15  gr«Mns  agfU' , . . 

N 

3  grams  Liebig's  beef  extract 

20  grains  Witte's  peptone 

+1,  Fuller's  scale 

1000  cc.  distilled  water 

Crooe'a  solution 

IgramKNO, 

X 

0.5  gram  Fei  (P0«), 

0.25  gram  CaSOi  (gypsum) 

Not  changed 

2000  cc.  distilled  water 

Pfeffcr'8  aolutioo. . . . 

4  grams  Ca(NO.)j 

IgramKNa 

1  gram  MgSOi 

0  5  gram  KCl 

Not  changed 

0.06  gram  FeCli 

6000  cc.  distiUed  water 
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powder  with  140  cubic  centimeters  of  water;  after  standing  for  a  few 
hours,  the  clear  liquid  is  decanted  and  is  then  ready  for  use.  Seed  was 
kept  for  three  hours  in  this  solution.  According  to  Professor  Wilson's 
results,  seed  treated  in  this  way  is  completely  sterilized.  This  method 
of  seed  sterilization  will  later  be  published  in  detail. 

That  the  methods  of  seed  sterilization  employed  were  effective  was 
proved  by  a  large  number  of  experiments,  and  particularly  by  experiments 
with  soy  beans.  The  organism  producing  nodules  in  soy  bean  is  not 
present  in  the  soil  of  this  region,  and  in  all  the  experiments  made  not  a 
single  nodule  developed  in  the  cultures  in  which  sterilized  seed  was  used 
unless  the  plants  were  subsequently  inoculated.  Unsterilized  seed  oc- 
casionally produced  plants  with  nodules. 

Sterilization  of  media  and  soil 

All  the  media  used  for  pure  cultures,  if  in  test  tubes  of  small  volume, 
were  sterilized  in  an  autoclave  for  fifteen  minutes  at  120^  C.  " 

In  experiments  10,  11,  12,  and  13  it  was  necessary  to  sterilize  the  soil 
in  which  the  plants  were  grown.  Three-inch  flowerpots  and  glass  tum- 
blers, each  containing  about  300  grams  of  soil,  were  used  for  this  purpose. 
These  were  sterilized  for  three  hours  at  120°  C,  in  a  large  canner's  retort. 
This  retort  was  found  very  useful,  since  several  hundred  of  the  flowerpots 
could  be  sterilized  at  one  time. 

Method  of  growing  the  plants 

In  experiments  1,  2,  3,  4,  5,  and  6,  the  plants  were  grown  in  water 
cultures;  in  experiments  7,  8,  9,  10,  11,  12,  and  13  they  were  grown  in  soil. 

For  the  water  cultures  glass  vessels  were  employed.  The  vessels  were 
filled  with  the  nutrient  solution  and  the  opening  was  covered  with  par- 
affin paper.  The  seed  was  then  germinated  in  a  moist  chamber,  and 
when  the  radicle  was  about  three  centimeters  long  it  was  inserted  into 
the  solution  through  a  small  hole  in  the  paraffin  paper,  allowing  the  coty- 
ledons to  rest  on  top  of  the  paper. 

For  the  soil  cultures  flowerpots  and  glass  tumblers  were  used.  These 
were  filled  with  sandy  soil,  were  covered  with  paper,  and,  for  experiments 
10,  11,  12,  and  13,  were  sterilized.  The  seed  was  planted  directly  in  the 
soil,  the  paper  covers  being  kept  on  imtil  the  sellings  began  to  push 
them  off. 
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Distilled  water  was  used  for  watering  the  plants  in  experiments  1,  2,  3, 
4,  5,  6,  7,  8,  and  9.  In  experiments  10,  11,  12,  and  13,  boiled  tap  water 
was  used. 

The  plants  in  all  the  experiments  were  grown  in  the  greenhouse.  When 
special  precautions  were  necessary  to  guard  against  contamination  during 
tJie  growing  period,  the  plants  were  kept  in  an  especially  constructed 
culture  room.  For  this  purpose  a  part  of  the  greenhouse  was  set  oflf  by 
a  partition.  Cracks  in  the  walls  and  around  the  panes  of  glass  were 
filled  with  plaster  of  paria.  For  ventilation,  two  panes  of  glass  were 
replaced  by  a  special  frame  fitted  with  a  layer  of  cotton  held  between 
two  pieces  of  cheesecloth. 

Inoculations 

Inoculations  were  made  at  the  time  of  planting  the  seeds  or  within  a 
day  or  two  following.  The  culture  of  the  organism  to  be  used  for  in- 
oculation was  introduced  into  sterile  water,  and  the  infusion  was  then 
added  to  the  soil  or  the  water  culture  in  which  the  plants  were  grown. 
Id  some  experiments  quantitative  inoculation  was  made,  in  which  a  spe- 
cific amoimt  of  the  infusion  wa^  added. 

Examinaiion  of  plants  for  nodules 
Nodules  usually  appeared  in  about  two  weeks.  The  plants  were  exam- 
ined at  the  end  of  three  weeks.  The  roots  were  washed  and  the  nodules 
were  counted,  and  a  note  was  made  of  the  size  and  the  place  of  attachment 
of  the  nodules.  Since  the  soil  in  the  vicinity  of  Ithaca  is  well  inoculated 
with  the  Canada  field  pea  organisni,  plants  kept  longer  than  three  weeks 
were  subject  to  some  contamination. 

Special  method  for  growing  plants  under  sterile  conditions 
For  certain  experiments  it  was  necessary  to  maintain  absolutely  sterile 
conditions  throughout  the  period  of  experiment.  The  method  employed 
was  as  follows  r  A  large  glass  cylhxder,  65  centimeters  high  and 
10  centimeters  in  diameter,  was  used  as  a  growth  chamber.  In  the  bottom 
of  the  cylinder  a  few  pieces  of  broken  flowerpot  were  placed  and  were 
just  covered  with  water,  and  on  the  top  of  these  was  set  a  four-inch  pot, 
fillai  ^-ith-  a  sandy  soil.  The  cylinder  was  plugged  with  cotton,  through 
which  was  passed  a  glass  tube  7  millimeters  in  diameter  and  65  centi- 
meters long,  the  lower  end  resting  on  the  surface  of  the  soil  in  the  pot 
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and  the  upper  end  protruding  above  the  cotton  plug.  The  tube  was 
plugged  at  its  upper  end  with  cotton.  The  whole  was  sterilized  in  the 
autoclave  for  five  hours  at  15  pounds  pressure. 

The  seeds  were  sterilized  by  the  bleaching-powder  method.  The  steri- 
lized seed  were  dropped  into  the  pots  through  the  glass  tube,'  and  by 
manipulation  of  the  tube  they  were  buried  in  the  soil.  The  soil  of  the 
pots  was  inoculated  by  introducing  through  the  tube  a  few  cubic  centi- 
meters of  water  containing  the  nodule-forming  organisms. 

PART  I.    ISOLATION  AND  IDENTIFICATION  OF  THE  ORGANISM 
ISOLATION    OF  BACILLUS   RADICICOLA 

On  October  10,  1910,  a  field  pea  plant  30  centimeters  high,  with  a  great 
abundance  of  nodules,  was  procured.  The  whole  plant  was  washed 
thoroughly  in  running  water.  One  of  the  nodules,  of  firm  consistency, 
was  selected  and  cut  ofif  in  such  a  way  as  to  leave  about  3  centimeters  of 
the  root  on  each  side  of  the  nodule;  cut  off  in  this  way  the  nodule  is  more 
easily  manipulated.  The  nodule  was  then  disinfected  in  a  solution  of 
one  part  of  formalin  to  forty  parts  of  water,  for  five  minutes.  Four 
petri  dishes  were  prepared,  each  containing  a  few  drops  of  sterile  water. 
The  nodule,  after  being  disinfected,  was  washed  in  sterile  water,  placed 
on  a  filter  paper,  and  cut  open,  and  with  a  pointed  scalpel  a  part  of  the 
central  tissue  was  removed  and  placed  in  petri  dish  1.  This  nodule 
tissue  was  crushed  and  mixed  with  the  water.  Three  loopfuls  of  this 
infusion  was  transferred  from  plate  1  to  plate  2,  three  loopfuls  from 
plate  2  to  plate  3,  and  three  loopfuls  from  plate  3  to  plate  4.  Ten  cubic 
centimeters  of  medium  331  were  then  poured  into  each  petri  dish,  and  after 
sufficient  agitation  to  effect  equal  distribution  of  the  organisms  the  plates 
were  allowed  to  incubate  at  20°  C.  In  three  days  a  few  colonies  charac- 
teristic of  the  nodule  organism  became  visible  on  plate  1;  on  the  other 
plates  plenty  of  colonies  were  present,  but  were  visible  only  by  the  micro- 
scope. In  ten  days  the  small  colonies  became  large  enough  to  be  con- 
veniently transferred. 

As  far  as  could  be  ascertained  from  the  general  appearance  of  the  colo- 
nies, all  the  plates  contained  only  one  organism.  The  large  colonies  that 
developed  on  plate  1  appeared  to  be  giant  colonies,  having  started  from 
small  pieces  of  the  nodule  tissue  in  which  a  large  number  of  the  organisms 
were  held.    In  order  to  obtain  a  pure  culture  of  this  organism,  one  of  the 
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small  oolonies  was  introduced  into  5  cubic  centimeters  of  sterile  water  in 
a  test  tube,  and  from  this  infusion  a  number  of  petri  dishes  of  different 
dilutions  were  again  prepared.  From  one  of  the  colonies  that  developed 
on  these  petri  dishes  a  transfer  was  made  on  agar  slope  with  medium  335. 
This  culture  was  used  in  all  the  experiments  except  experiment  11.  The 
stock  culture  was  kept  on  a  shelf  in  the  laboratory,  and  consequently 
was  exposed  for  nearly  three  years  to  diffused  light  and  to  the  ordinary 
variations  oi  temperature  and  other  atmospheric  changes.  The  trans- 
ferring of  the  stock  culture  was  made  at  irregular  intervals  of  time  varying 
from  one  to  three  months,  and  the  cultures  were  kept  in  test  tubes  on 
agar  slopes  of  medium  335. 

identification  of  the  organism 

In  order  to  be  certain  that  the  organism  isolated  was  the  causal  organism 
of  the  nodules  on  Canada  field  peas,  the  following  procedure  was  followed: 
(1)  Canada  field  peas  were  grown  under  sterile  conditions  and  were  inoc- 
ulated with  this  organism;  (2)  from  one  of  the  nodules  that  developed 
under  sterile  conditions  a  culture,  No.  2,  was  isolated  by  the  same  method 
as  described  above;  (3)  the  original  culture  and  the  culture  No.  2  were 
again  tested  as  to  their  ability  to  cause  the  development  of  nodules  on 
Canada  field  peas  under  sterile  conditions;  (4)  the  two  cultures  were 
compared  in  the  laboratory  with  respect  to  their  morphological  characters 
and  physiological  activities. 

Ten  Canada  field  peas  were  grown  under  sterile  conditions  according  to 
the  method  described  on  page  13,  one  plant  in  each  of  ten  glass  cylinders. 
Five  of  the  plants  were  inoculated  with  the  above  organism,  and  five 
were  left  without  inoculation,  as  controls.  At  the  end  of  six  weeks  the 
plants  were  examined.  They  had  made  a  fair  growth,  having  reached  a 
height  of  60  centimeters.  They  were  spindling,  however,  the  leaves  were 
small,  and  the  root  system  was  very  poorly  developed.  All  the  inoculated 
plants  had  nodules  on  their  roots,  while  the  controls  were  free  from  any 
nodules.  EJach  plant  and  the  soil  in  which  it  was  grown  were  examined 
for  contamination.  One  of  the  controls  was  found  to  be  contaminated 
with  a  mold,  and  one  of  the  inoculated  plants  was  contaminated  with  a 
yellow  organism.  Four  of  the  controls  were  sterile,  and  four  of  the  in- 
oculated plants  were  found  to  be.  sterile  with  respect  to  organisms  other 
than  B.  radmcoUi. 
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A  pure  culture  of  the  organism  was  isolated  from  a  nodule  foimd  on  cme 
of  the  plants  grown  imder  sterile  conditions.  This  organism  was  again 
tested  as  to  its  ability  to  produce  nodules  on  Canada  field  peas.  Fifteen 
Canada  field  pea  plants  were  grown  under  sterile  conditions  again,  in  a 
similar  manner  to  that  described  above.  Five  were  inoculated  with  this 
organism,  five  were  inoculated  with  the  original  organism,  and  five  were 
left  as  controls.  Again  all  the  plants  inoculated  with  both  the  cultures 
developed  nodules  on  their  roots,  while  the  controls  had  none.  The 
organism  that  was  isolated  on  October  10,  1910,  therefore,  was  the  causal 
organism  of  nodules  on  Canada  field  pea  plants,  and  as  far  as  could  be 
detennined  by  laboratory  methods  it  was  also  a  pure  culture. 

The  two  cultures  of  the  organism — the  one  isolated  originally,  and 
the  other  isolated  from  a  nodule  of  a  plant  grown  under  sterile  conditions 
— were  studied  in  the  laboratory  with  respect  to  their  morphology  and 
their  physiological  activities.  An  exhaustive  study  of  this  phase  was  not 
undertaken,  the  study  being  carried  only  far  enough  to  show  whether 
the  two  cultures  were  the  same  organism.  The  study  consisted  in  propa- 
gating the  two  cultures  on  various  media  and  in  comparing  and  describing 
their  cultural  and  biochemical  features.  The  descriptions  were  recorded 
on  the  Descriptive  Chart  adopted  for  such  use  by  the  Society  of  American 
Bacteriologists  (1907). 

Morphology  of  the  organism 

BadUtis  radidcola  of  Canada  field  pea  produces  no  spores  when  prop- 
agated on  the  artificial  media  in  the  laboratory.  In  a  young  culture  on 
artificial  media,  the  organism  is  in  the  form  of  small  rods  about  one  micron 
long.  In  this  form  it  is  able  to  multiply  by  fission,  like  other  bacteria. 
Under  certain  conditions  —  for  example,  with  the  addition  of  certain 
nutrients,  such  as  sugar,  to  the  media  —  some  of  these  small  rods  develop 
into  large  cells,  which  are  generally  called  bacteroids.  Some  of  the  bac- 
teroids  assume  the  characteristic  X  and  Y  forms,  the  same  as  are  found 
in  the  nodules.  The  development  of  the  bacteroids  seems  to  be  largely 
a  matter  of  nutrition,  and  the  bacteroids  are  not  a  degenerate  form,  but 
a  normal  form,  of  the  organism. 

In  a  culture  twenty-four  hours  old  on  .an  agar  slope  the  organism  is 
very  motile.  As  the  agar-slope  culture  gets  older,  fewer  and  fewer  of  the 
organisms  show  motility,  until  in  a  culture  about  two  weeks  old  no  motility 
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is  detected.  Motility  seems  to  be  influenced  by  environmental  conditions. 
This  point  has  not  been  studied  extensively,  beyond  the  observation  that  on 
nitrogenous  media  the  motility  is  lost  sooner  than  on  nitrogen-free  media. 

Since  the  generic  name  of  the  organism  depends  on  the  presence  and  the 
place  of  attachment  of  flagella,  and  since  there  has  been  so  much  un- 
certainty on  this  point,  an  effort  was  made  to  demonstrate  the  number 
and  the  arrangement  of  the  flagella.  Beyerinck  (1890)  was  the  first  who 
claimed  to  have  isolated  the  organism  in  a  pure  culture.  He  described 
it  as  having  one  polar  flagellum,  and  named  it  Bacillus  radicicola.  In 
1905,  Moore,  agreeing  with  Beyerinck  as  to  the  number  of  flagella  and 
wishing  to  conform  to  Migula's  classification,  changed  the  generic  name 
from  BadUiLs  to  PsevdomoTUis.  Edwards  and  Barlow  (1909)  foimd  only 
one  long,  whiplike  flagellum,  thus  agreeing  with  Beyerinck  and  Moore. 
De'  Rossi  (1907)  was  the  first  investigator  who  foimd  the  organism  of 
Vida  faba  to  have  about  eight  flagella  with  a  peritrichic  arrangement. 
Zipfel  (1912)  agreed  with  de'  Rossi,  stating  that  the  organism  has  numerous 
flagella.  In  1912  Kellerman,  using  a  special  method,  also  succeeded  in 
staining  the  organism  of  several  leguminous  plants.  He  likewise  foimd 
the  organism  to  have  several  flagella  peritrichically  arranged. 

In  this  investigation  the  following  method  was  used  for  staining  the 
organism  of  Canada  field  pea  for  flagella: 

An  agar  slope  culture  twenty  hours  old,  on  medium  335  at  24^  C,  was 
very  carefully  transferred  into  3  cubic  centimeters  of  sterile  distilled  water 
in  a  test  tube.  This  was  allowed  to  stand  for  about  four  hours  at  a  con- 
stant temperature,  without  being  shaken  or  disturbed  in  any  way.  A 
drop  of  this  infusion  was  placed  on  a  cover  glass  and  allowed  to  dry  at 
room  temperature,  and  when  dry  it  was  stained. 

It  was  essential  that  the  cover  glasses  should  be  clean.  To  this  end 
they  were  treated  with  a  cleaning  solution  of  potassium  bichromate  and 
sulfuric  acid,  washed  in  water,  placed  in  alcohol,  and  finally  dried  with 
a  piece  of  cheesecloth  which  had  been  treated  with  ether  in  order  to  get 
rid  of  any  fats.  The  cover  glasses  were  then  placed  in  a  petri  dish  and 
baked  in  the  oven  for  three  hours  at  200^  C.  If  cover  glasses  are  treated 
in  this  way  a  large  amount  of  difficulty  in  the  staining  of  flagella  is 
avoided. 

Pitfield's  mordant  as  modified  by  Muir,  and  carbol  fuchsin,  were  used 
for  staining.    The  mordant  has  the  following  composition: 
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Cubic 
oentiineters 

Tannic  acid,  10  per  cent  aqueous  solution 10 

Corrosive  sublimate,  saturated  aqueous  solution 5 

Alum,  saturated  aqueous  solution ^ 5 

Carbol  fuchsin 5 

The  mordant  was  applied  for  six  minutes  and  the  preparation  was  then 
very  thoroughly  washed  with  water.  Carbol  fuchsin  was  then  applied  for 
nine  minutes. 

It  was  found  that  the  organism  from  Canada  field  pea  has  peritrichic 
arrangement  of  flagella.  The  largest  number  of  flagella  observed  was  six, 
arising  from  any  part  of  the  organism,  and  the  indications  were  that  the 
organism  may  have  an  even  larger  number.  According  to  Migula's 
classification  the  organism  is  Bddllus, 

CuUural  and  biochemical  features 

The  surface  colonies  in  a  petri  dish  on  agar  medium  335  are  colorless, 
watery,  and  very  viscous.  When  ten  days  old,  at  20°  C,  they  are  about 
3  millimeters  in  diameter,  although  occasionally  colonies  10  millimeters 
in  diameter  may  develop.  The  colonies  under  the  surface  are  invariably 
of  spindle  shape.  Under  the  16-millimeter  objective  the  microscopic 
structure  appears  granular. 

On  agar  slope  with  peptone  and  beef  extract,  the  growth  is  watery, 
scanty,  and  colorless  at  first;  after  long  standing  it  becomes  brownish. 
In  standard  gelatin  stab  the  growth  becomes  brownish.  On  agar  slope 
with  medium  335  to  which  0.5  per  cent  of  potassium  or  calcium  nitrate 
had  been  added,  the  growth  becomes  opaque  and  iridescent.  In  all  the 
standard  media  free  from  sugar  the  growth  is  scanty.  In  the  presence 
of  dextrose,  saccharose,  maltose,  or  glycerin,  much  more  abundant  growth 
takes  place.  Lactose  and  galactose  increase  the  growth  only  slightly, 
while  the  addition  of  levulose  tends  to  inhibit  it.  Two  per  cent  of  levulose 
added  to  media  entirely  inhibits  the  growth.  Whether  this  is  due  to  this 
sugar  or  to  some  impurity  in  it  was  not  determined. 

The  organism  does  not  produce  any  indol,  hydrogen  sulfite,  or  ammonia. 
It  docs  not  reduce  nitrates  and  does  not  liquefy  a  12-per-cent  gelatin 
stab  at  20°  C,  but  when  grown  in  milk  it  partly  digests  the  casein  without 
curdling  the  milk.    It  does  not  produce  any  gas  from  the  sugars  in  fer- 
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mentation  tubes.  From  dextrose,  maltose,  and  saccharose  it  produces  a 
slight  amount  of  some  acid.  Neutral  litmus  milk  becomes  alkaline  after 
the  organism  has  grown  in  it  for  about  two  weeks. 

The  organism  of  Canada  field  pea  does  not  have  any  strikingly  charac- 
teristic colony  features  by  which  it  can  be  distinguished  from  other 
microorganisms.  The  group  number  of  the  organism,  according  to  the 
chart  of  the  Society  of  American  Bacteriologists,  was  found  to  be 
B.  222.2322033. 

PART  II.     INFLUENCE  OF  CERTAIN  FACTORS  ON  NODULE  PRODUCTION 

The  literature  on  the  general  subject  of  legume  inoculation  is  very 
extensive;  yet  knowledge  concerning  the  factors  that  influence  nodule 
production  is  suprisingly  meager.  For  the  most  part  the  investigations 
on  this  point  are  incidental  and  fragmentary.  It  has  been  shown  by 
various  investigators,  however,  that  the  nature  of  the  medium  in  which 
the  plant  is  grown  has  an  influence  on  the  production  of  nodules, 

Rautenberg  and  Kiihn  (1864)  grew  Vicia  faba  in  various  nutrient 
solutions,  and  incidentally  observed  that  in  the  nitrogen-free  solution  the 
beans  developed  an  abundance  of  nodules,  while  in  the  solutions  con- 
taining nitrogen  no  nodules  were  produced. 

Hugo  de  Vries  (1877)  made  a  similar  observation.  He  grew  red  clover 
in  nutrient  solutions,  and  the  plants  developed  a  large  number  of  nodules 
in  the  nitrate-free  solution  but  only  a  few  or  no  nodules  in  the  solution 
containing  nitrates. 

Vines  (1888-1889)  tested  the  influence  of  potassium  nitrate  on  nodule 
development  on  Vicia  faba  grown  in  nutrient  solutions  and  also  in  the 
soil.  His  experiments  showed  that  potassium  nitrate  tends  to  inhibit 
nodule  development,  both  in  soil  and  water  cultures. 

Frank  (1889)  grew  lupines  and  peas  in  humus  soil  and  in  humus-free 
soil.  He  found  that  the  plants  grown  in  the  humus-free  soil  developed 
an  abundance  of  nodules,  and  those  grown  in  the  soil  rich  in  humus  had 
no  nodules.  He  offered  the  following  explanation  for  this:  "  The  lupines, 
and  also  the  peas,  obtain  the  same  benefit  from  the  nodule  fungus  as  they 
do  from  the  humus.  Where  humus  is  present,  the  plants  prefer  to  obtain 
the  nourishment  from  the  humus  and  no  nodules  are  developed;  where 
humus  is  wanting,  however,  the  nodule  fungus  infects  the  plants."* 

*  Traoalation  from  tho  original  German. 
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Hiltner  (IdOO)  showed  that  the  addition  of  potassium  nitrate  to  the 
nutrient  solution  in  which  legiunes  are  grown  has  an  injurious  influence 
on  nodule  development,  and  he  thinks  this  is  due  to  the  fact  that  the 
formation  of  bacteroids  in  the  small  nodules  is  hastened  by  the  presence 
of  the  nitrate.  He  considers  the  bacteroids  as  degenerate  and  inactive 
forms  of  the  nodule-forming  organism. 

A  somewhat  more  extensive  investigation  of  this  subject  was  under- 
taken by  Nobbe  and  Richter  (1902).  They  attempted  to  determine  the 
influence  of  potassium  nitrate  and  of  hmnous  substances  on  the  fixation 
of  nitrogen  by  soy  beans.  They  grew  the  plants  in  flowerpots  in  a  rich 
soil  and  in  a  poor  soil.  For  rich  soil  they  used  garden  soil.  The  poor 
soil  was  prepared  by  mixing  4000  grams  of  sand  and  2500  grams  of  garden 
soil.  Potassium  nitrate  was  added  to  the  poor  soil  in  the  proportions  of 
600  and  1000  milligrams  to  6500  grams  of  the  soil.  When  the  plants 
were  harvested  the  total  amount  of  dry  substance  and  of  nitrogenous 
matter  was  determined  in  each  plant.  The  results  of  this  experiment 
show  that  the  function  of  the  nodules  for  nitrogen  fixation  is  injured  to 
a  high  degree  by  the  presence  of  potassium  nitrate.  The  influence  of 
humous  substances  is  similar,  but  not  so  great. 

The  observation  made  by  Frank,  by  Nobbe  and  Richter,  and  by  others 
—  namely,  that  soil  rich  in  humous  substances  has  a  deleterious  effect  on 
nodule  development  —  was  confirmed  also  by  Moore  (1905).  He  grew 
soy  beans  in  rich  nitrogenous  soil,  in  poor  clay  soil,  and  in  poor  sandy 
soil.  Very  few  nodules  developed  on  the  soy  beans  grown  in  rich  soil, 
while  in  the  poor  clay  soil  and  in  the  poor  sandy  soil  the  plants  developed 
an  abundance  of  nodules. 

The  development  of  nodules  may  also  be  affected  by  other  agencies. 
Gain  (1893)  attempted  to  determine  the  influence  of  moisture  on  nodule 
development  on  Pisum  sativum,  two  varieties  of  Lwpinus  aUms,  and 
Faba  vulgaris.  He  grew  the  plants  in  a  field  located  in  a  region  where 
rain  was  very  scarce  during  the  early  part  of  the  summer.  One-half  of 
the  plat  planted  with  each  legume  was  watered  artificially,  and  the  other 
half  was  exposed  to  drought.  Examination  of  the  plants  showed  that 
the  plants  watered  artificially  had  five  and  one-half  times  as  many  nodules 
as  those  not  watered. 

Marchal  (1901)  determined  the  influence  of  fifteen  different  nutritive 
mineral  salts  on  nodule  development  on  peas  grown  in  Sachs'  nutrient 
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solution.  He  concluded  from  his  experiments  that  nodule  development 
is  inhibited  by  the  addition  of  the  following  nutrient  salts  in  the  given 
concentrations: 

Alkaline  nitrates,  concentration  1  to  10,000 
Ammonium  salts,  concentration  1  to  2,000 
Potassium  salts,  concentration  1  to  300 
Sodium  salts,  concentration  1  to  200 

The  influence  of  phosphates  was  variable,  and  calcium  and  magnesimn 
salts  stimulated  nodule  development.  Marchal  was  of  the  opinion  that 
the  variation  of  the  osmotic  pressure,  due  to  the  presence  of  the  different 
salts,  may  be  the  cause  of  this  phenomenon. 

Moore  (1905)  states  that  the  addition  of  1  per  cent  of  sodium  and 
potassium  salts  often  entirely  inhibits  the  forination  of  nodules,  and 
smaller  quantities  considerably  reduce  their  formation.  The  addition  of 
calcium  and  magnesium  salts,  on  the  other  l^and,  greatly  favors  nodule 
formation.  Moore  states  further  that  this  is  not  true  with  all  the  legumes, 
since  the  addition  of  calcium  and  magnesium  carbonates  is  injurious 
to  the  formation  of  nodules  on  lupines  and  other  plants  adapted  to 
acid  soil. 

In  the  following  experiments  the  influence  of  various  factors  on  nodule 
production  has  been  investigated.  The  factors  studied  are  light  and 
darkness,  aeration,  moisture,  various  concentrations  of  nutrient  solutions, 
and  a  considerable  niunber  of  chemical  substances. 

EXPERIMENT  1 
INFLUENCE  OF  AERATION   IN  LIGHT  AND  IN   DARKNESS 

Id  this  experiment  Canada  field  peas  were  grown  in  an  aqueous  soil 
extract.  The  extract  was  prepared  by  taking  one  part  of  soil  and  four 
parts  of  water,  by  weight.  The  mixture  was  allowed  to  stand  for  two 
hours,  and  the  liquid  was  then  decanted  and  filtered.  Twelve  Erlen- 
meyer  flasks  of  300  cubic  centimeters  capacity  were  filled,  and  one  pea 
was  planted  in  each  flask.  Six  of  the  flasks  were  covered  with  black  paper 
and  the  other  six  were  exposed  to  diffused  light.  Three  flasks  n  each 
of  the  two  series  were  aerated  by  passing  a  current  of  air  through  the 
liquid  during  the  entire  experiment.    All  the  plants  were  inoculated  with 
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a  pure  culture  of  BaciUus  radieicola.    After  twenty-four  days  the  plants 
were  examined  for  nodules. 

Results 

All  the  plants  developed  plenty  of  nodules.  The  inoculation  with  the 
pure  culture  had  no  apparent  effect  on  the  number  of  nodules.  The  soil 
extract  was  not  sterilized  and  apparently  had  plenty  of  the  organisms. 
The  plants  whose  roots  were  kept  in  darkness  had  a  greater  abundance 
of  nodules  than  those  whose  roots  were  exposed  to  light.  The  aeration  as 
supplied  in  this  experiment  had  no  stimulative  effect  on  either  the  number 
or  the  size  of  the  nodules. 

EXPERIMENT  2 
INFLUENCE    OF    SOME    NUTRIENT   SOLUTIONS    IN    LIGHT   AND    IN    DARKNESS 

Ninety  Erlenmeyer  flasks  of  300  cubic  centimeters  capacity  were 
divided  into  five  series,  with  eighteen  flasks  in  each  series.  These  flasks 
were  filled  with  the  following  solutions,  respectively:  series  1,  v/ith  medium 
101;  series  2,  with  Crone's  solution;  series  3,  with  Pfeffer's  solution;  series 
4,  with  tap  water;  series  5,  with  soil  extract  (the  same  as  was  used  n 
experiment  1).  Six  flasks  from  each  series,  three  covered  with  black 
paper  and  three  not  covered,  were  inoculated  with  a  pure  culture  of  BaciUua 
radieicola.  A  second  group  of  six  flasks  from  each  series  were  prepared  in 
the  same  manner,  but  each  flask  was  inoculated  with  5  cubic  centimeters 
of  soil  extract.  A  third  group  of  six  flasks  from  each  series  were  prepared 
in  the  same  manner  but  were  not  inoculated.  One  plant  was  grown  in 
each  flask.  The  water  of  transpiration  was  replaced  each  week.  At  the 
end  of  four  weeks  the  plants  were  examined  for  nodules.  The  results  are 
given  in  table  2. 

Results 

Not  all  the  plants  that  were  inoculated  developed  nodules.  A  few 
nodules  developed  on  the  plants  grown  in  medium  101,  in  Crone's  solution, 
and  in  Pfeffer's  solution.  In  the  soil  extract  all  the  plants  developed 
nodules,  although  the  plants  grew  better  in  Crone's  solution  and  in  Pfeffer's 
solution.  In  the  tap  water  no  nodules  developed.  More  nodules 
developed  on  the  roots  kept  in  darkness  than  on  those  exposed  to  the 
Ught. 
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TABLE  2.     Influence  of  Some  Nutrient  Solutions  on  Nodule  Development 


Culture  Bolution* 

Treatment 

Exposure 

Number  of  nodules 

Plant  I 

Plant  2 

Plants 

f                                                 f 
Inoculated  with  B.  radicicola  -j 

light 

None 

None 

None 

Dark 

None 

None 

None 

Medium  101 

'    Inoculated  with  soil  extract,  j 

Light 

None 

None 

None 

Dark 

None 

None 

Few 

Nof.  in(v*iilAf^ 

Light 

None 

None 

None 

Dark 

None 

None 

None 

Inoculated  with  B.  radicicola  \ 

Light 

None 

None 

None 

1 

Dark 

Few 

Few 

Few 

Crone's  solution. . . ' 

Inoculated  with  soil  extract . 

Light 

None 

None 

None 

Dark 

Few 

Few 

Few 

^nt.  inrw*iilA.fAH                                < 

Light 

None 

None 

None 

( 

Dark 

None 

None 

None 

Inoculated  with  B.  radicicola 

Light 

None 

None 

None 

Dark 

None 

None 

Few 

Pfeffer's  solution.. 

Inoculated  with  soil  extract. 

Light 

None 

Few 

Few 

Dark 

None 

Few 

Few 

Light 

None 

None 

None 

Dark 

None 

None 

None 

Inoculated  with  B.  radicicola 

Light 

None 

None 

None 

Dark 

None 

None 

None 

Tap  water 

Inoculated  with  soil  extract . 

Light 

None 

None 

None 

Dark 

None 

None 

None 

Light 

None 

None 

None 

Dark 

None 

None 

None 

Inoculated  with  B.  radicicola 

Light 

Present 

Present 

Present 

SoU  extract 

Dark 

Present 

Present 

Present 

Light 

Present 

Present 

Present 

1    Dark 

Present    Present 

Present 

«  See  iMce  11. 
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EXPERIMENT  3 
INFLUENCE  OP  POTASSIUM  NITRATE  IN  LIGHT  AND  IN   DARKNESS 

In  this  experiment  twelve  glass  cylinders,  each  of  5  liters  capacity  and 
60  centimeters  in  height,  were  used.  Six  of  these  were  filled  with  Crone's 
full  nutrient  solution,  and  the  other  six  were  filled  with  the  same  solution 
except  that  potassium  chloride  was  substituted  in  place  of  potassium 
nitrate.  Five  plants  were  grown  in  each  cylinder.  The  experiment  was 
arranged  in  the  following  manner: 

Series  1.  Three  of  the  cylinders  filled  with  Crone's  full  nutrient  solution 
were  covered  with  black  paper.  Two  of  these  were  inoculated,  and  one 
was  not  inoculated. 

Series  2.  The  other  three  cylinders  filled  with  Crone's  full  nutrient 
solution  were  treated  as  was  series  1,  but  were  not  covered  with  black 
paper. 

Series  3.  Three  of  the  cylinders  filled  with  Crone's  solution  in  which 
potassium  nitrate  was  replaced  by  potassium  chloride,  were  covered  with 
black  paper.    Two  of  these  were  inoculated,  and  one  was  not  inoculated. 

Series  4."  The  remaining  three  cylinders,  with  the  same  solution  as  was 
used  for  series  3,  were  treated  as  was  series  3  but  were  not  covered  with 
black  paper. 

ResvUs 
When  the  plants  were  three  weeks  old,  those  grown  in  the  solution 
with  nitrate  looked  green  and  healthy,  while  those  grown  in  the  solution 
without  nitrate  were  turning  yellow  and  the  lower  leaves  were  dropping 
oflf.  No  difference  in  appearance  was  observed  between  the  inoculated 
and  the  iminoculated  plants.  The  iminoculated  plants  had  no  nodules; 
those  grown  in  the  presence  of  nitrate  and  inoculated  had  one  or  two 
nodules  each;  those  grown  in  nitrate-free  solution  had  about  fifteen  nodules 
each.  Six  weeks  after  planting,  the  plants  grown  in  nitrate  solution  had 
thick,  green  leaves  and  thick  roots,  and  no  more  nodules  had  developed 
on  the  inoculated  plants.  The  plants  grown  in  nitrate-free  solution  were 
yellowish  except  for  the  upper  leaves,  which  were  green;  the  roots  were 
longer  and  more  abundant  than  on  the  plants  grown  in  nitrate  solution. 
Nodules  were  abundant,  continually  developing  on  the  new  roots.  The 
uninoculated  plants  in  nitrate-free  solution  had  no  nodules  and  were 
practically  dead. 
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The  plants  grown  in  nitrate-free  solution  with  their  roots  exposed  to 
light  were  slightly  shorter  than,  and  did  not  have  quite  as  many  nodules 
as,  those  grown  in  the  same  solution  but  with  their  roots  kept  in  darkness. 
In  the  presence  of  the  nitrate  the  development  of  certain  green  algse 
interfered  somewhat  with  root  growth. 

EXPERIMENT  4 

INFLUENCE   OF  POTASSIXTM  NITRATE  AND    CALCIUM  NITRATE  IN   PFEFFER's 

SOLUTION 

The  procedure  in  this  experiment  was  the  same  as  in  experiment  3. 
Only  one  plant  was  grown  in  each  cylinder.  Calcimn  nitrate  was  replaced 
by  calcium  chloride,  and  potassium  nitrate  was  replaced  by  potassium 
chloride.    The  plants  were  kept  until  they  began  to  blossom. 

Results 

In  the  solution  with  the  nitrates,  two  or  three  nodules  developed  on  each 
plant  within  twelve  days  after  inoculation.  No  more  nodules  developed 
after  that.  In  the  cylinders  not  covered  with  black  paper,  algsB  developed 
in  abundance,  and,  surrounding  the  roots,  dwarfed  the  plants.  In  the 
cylinders  covered  with  black  paper,  also,  some  algsB  developed  in  time, 
but  they  were  far  less  abimdant. 

In  the  nitrate-free  solution  there  was  an  abundant  development  of 
nodules.  The  nodules  were  more  numerous  on  the  plants  grown  in  the 
cylinders  covered  with  black  paper  than  on  those  the  roots  of  which 
were  exposed  to  light.  The  root  system  of  the  plants  grown  in  the  nitrate- 
free  solution  was  more  developed  than  that  of  the  plants  grown  in  the 
nitrate  solution. 

An  interesting  point  observed  in  this  experiment  and  in  experiment  3 
was  that  the  nodules  developed,  both  in  the  nitrate  solution  and  in  the 
nitrate-free  solution,  immediately  after  inoculation.  In  the  nitrate  solu- 
tion, however,  no  further  development  of  nodules  took  place,  while  in 
the  nitrate-free  solution  there  was  a  continual  development  of  new  nodules 
on  the  new  rootlets  as  time  went  on.  This  would  seem  to  indicate  either 
that  the  nodule-forming  organisms  were  made  inactive  by  the  nature  of 
the  solution,  or  that  the  solution  in  some  way  affected  the  resisting  power 
of  the  plants. 
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EXPERIMENT  6 

INFLUENCE  OF  VARIOUS    CONCENTRATIONS  OF  PFEFFER's  SOLUTION,   BOTH 
WITH   AND   WITHOUT  NITRATES 

Wide-mouth  bottles  of  500  cubic  centimeters  capacity  were  used  in 
this  experiment.  They  were  all  covered  with  black  paper.  Two  series 
were  prepared,  one  with  Pfeffer's  full  nutrient  solution  and  the  other 
with  Pfeflfer's  solution  in  which  the  nitrates  were  replaced  by  the  chlorides 
of  the  same  metals.  The  following  concentrations  in  each  series  were 
employed,  taking  the  concentration  of  the  full  nutrient  as  1:  A.  i.  l»  i» 
1,  2,  3,  4,  and  8.  Five  plants  were  grown  in  each  bottle,  and  all  were 
inoculated.    The  duration  of  the  experiment  was  three  weeks. 

ResvUs 

In  the  full  nutrient  solution  a  few  nodules  developed  in  the  ^^  concen- 
tration. In  the  other  concentrations  no  nodules  appeared  within  the  three 
weeks. 

In  the  nitrate-free  solution  nodules  developed  best  in  concentration  1. 
In  the  i  and  J  concentrations  a  few  nodules  appeared. 

EXPERIMENT  6 

INFLUENCE  OF  PFEFFER's  SOLUTION  IN  WHICH  THE  ESSENTIAL  ELEMENTS 

WERE  ABSENT 

In  this  experiment  the  same  vessels  were  used  as  in  experiment  5. 
The  solutions  were  prepared  as  follows: 

«        ,   . .         .  .^  /  Ca(N03)2  was  replaced  by  CaCU 

For  solution  mmus  nitrogen  i  ^j^Jr^^  i      j  u    t//-«i 

®      i  KNOs  was  replaced  by  KCl 

{KNO3  was  replaced  by  NaNOs 
KH2PO4  was  replaced  by  NaH2P04 
KCl  was  replaced  by  NaCl 
For  solution  minus  phosphorus,  KH2PO4  was  replaced  by  NaH2P04 
For  solution  minus  sulfur,  MgS04  was  replaced  by  MgCU 
For  solution  minus  magnesium,  MgS04  was  replaced  by  MgClj 
For  solution  minus  iron,  FeCU  was  replaced  by  NaCl 

One  plant  was  grown  in  each  bottle.    The  plants  were  examined  three 
weeks  after  planting. 
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Results 
Nodules  developed  only  in  the  nitrate-free  solution.  The  plants  in 
most  of  the  solutions  in  this  experiment  and  in  experiment  5  did  not  grow 
well  and  normally.  It  is  possible  that  slightly  different  results  might 
have  been  obtained  had  the  length  of  time  of  the  experiment  been  extended. 
It  was  observed,  however,  in  these  and  in  the  other  experiments,  that  the 
number  and  the  size  of  the  nodules  on  a  plant  are  influenced  by  the  rate 
and  the  amount  of  growth  of  the  plant.  In  other  words,  any  disturbing 
factor  in  the  normal  fimctions  of  a  plant  tends  to  hinder  the  development 
of  nodules. 

EXPERIMENT  7 
INFLUENCE   OF  MOISTURE 

In  experiments  7,  8,  and  9,  the  plants  were  grown  in  glass  tumblers. 
In  each  tumbler  was  placed  300  grams  of  air-dry  sandy  soil  containing  less 
than  0.5  per  cent  of  moisture.  The  following  percentages  of  moisture 
were  used:  5,  10,  15,  20,  25,  30,  40,  50,  and  60,  the  percentage  being  based 
on  the  air-dry  soil.  Three  tumblers  were  used  for  each  percentage  of 
moisture,  and  five  plants  were  grown  in  each  tumbler.  The  plants  were 
kept  in  the  greenhouse.  They  were  watered  every  other  day,  the  neces- 
sary amount  of  water  to  be  added  being  determined  by  weighing.  The 
soil  is  naturally  well  inoculated  with  the  Canada  field  pea  organism,  but 
in  addition  to  this  each  tumbler  was  inoculated  with  a  pure  culture  of  the 
organism.    The  duration  of  the  experiment  was  four  weeks. 

Results 
The  best  growth  took  place  in  15,  20,  and  25  per  cent  of  moisture. 
In  5  and  10  per  cent  of  moisture  the  plants  grew  very  slowly,  while  in  50 
and  60  per  cent  the  roots  rotted.  Nodules  were  present  on  all  the  plants. 
The  number  of  the  nodules  on  each  plant  increased  with  the  percentage 
of  moisture  up  to  40  per  cent.  These  results  agree  with  those  of  Gain 
(1893),  who  found  that  a  larger  number  of  nodules  develop  when  the 
plants  are  abxmdantly  watered. 

EXPERIMENT  8 
INFLUENCE  OF    CERTAIN   SUBSTANCES  IN   VARYING   QUANTITIES 

The  same  soil  and  the  same  kind  of  vessels  were  used  in  this  experiment 
as  in  experiment  7.    Three  hundred  grams  of  the  air-dry  soil  was  in- 
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troduced  into  each  glass  tumbler;  the  substance  to  be  tested  was  dissolved 
in  the  proper  quantity  of  water,  and  this  was  added  to  each  tumbler. 
Five  plants  were  grown  in  each  tumbler,  and  all  the  cultures  were  made 
in  triplicate  and  were  inoculated.  The  plants  were  allowed  to  grow  for 
four  weeks.  The  kind  and  the  amount  of  the  substance  added,  together 
with  the  results,  are  given  in  table  3: 


TABLE  3. 


Influence  on  Nodule  Development  of  Certain  Substances  in  Vabtino 
quantitieb 


Substance  used 

Quantity 

added  to 

300  grams 

of  soil 

(grams) 

Condition  of  plants 

Nodule  development 

KNO. 

0.25 
0.50 
1.00 
2.00 

Good  growth 

Poor  growth 

No  growth 

No  nodules 
No  nodules 

No  nodules 

No  growth 

No  nodules 

Ca(NO,).. 

0.25 
0.60 
1.00 
2.00 

Good  growth 

Poor  growth 

No  growth 

Few  nodules 
No  nodules 
No  nodules 

No  growth 

No  nodules 

MgSOi 

0.25 
0.50 
1.00 
2.00 

Good  growth 

Good  growth 

Good  growth 

Good  growth 

Nodules  abundant 
Nodules  abundant 

Nodules  abundant 
Nodules  abundant 

KH.PO4 

0.25 
0.50 
1.00 
2.00 

Good  growth 

Good  growth 

Good  growth 

Good  growth 

Nodules  abundant 
Nodules  abundant 
Nodules  abundant 
Nodules  abimdant 

CaCO, 

0.25 
0.50 
1.00 
2.00 

Good  growth 

Good  growth 

Good  growth 

Good  growth 

Nodules  very  abundant 

Nodules  very  abimdant 
Nodules  very  abundant 

0.25 
0.50 
1.00 
2.00 

No  growth 

No  nodules 

NHiQ 

No  growth 

No  nodules 

No  growth 

No  growth 

No  nodules 
No  nodules 

^ 

0.25 
0.50 
1.00 
2.00 

No  growth 

No  nodules 

No  growth 

No  nodules 

FeQi 

No  growth 

No  nodules 

No  growth 

No  nodules 
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TABLE  3  (conduded) 


Substance  used 

Quantity 

added  to 

300  grams 

of  soil 

(grams) 

Condition  of  plants 

Nodule  development 

0.25 
0.50 
1.00 
2.00 

Fair  growth 

Few  nodules 

Witte's  peptone 

Poor  growth 

Poor  growth 

Poor  growth 

No  nodules 
No  nodules 
No  nodules 

Cane  sugar 

0.25 
0.50 
1.00 
2.00 
4.00 
8.00 
16.00 

Good  growth 

Good  growth 

Good  growth 

Good  growth 

Poor  growth 

Poor  growth 

Very  poor  growth. . . . 

Nodules  present 
Nodules  present 
Nodules  present 
Nodules  present 
Nodules  present 
No  nodules 
No  nodules 

Controls 

Nothing 
added 

Good  growth 

Nodules  present 

Results 
The  addition  of  MgS04,  KH2PO4,  and  CaCOs  in  the  concentrations 
used  in  the  experiment  had  a  beneficial  effect  on  the  development  of  nod- 
ules. Cane  sugar  at  low  concentrations  had  apparently  no  effect.  At 
the  concentrations  of  4,  8,  and  16  grams  of  sugar  in  300  grams  of  soil, 
cane  sugar  was  injurious,  probably  due  to  fermentation  products  and  to 
stimulation  of  the  development  of  microorganisms  injurious  to  the  plants 
and  also  to  the  development  of  nodules.  The  addition  of  NH4CI  and 
FeCU  completely  inhibited  the  growth  of  the  plants.  In  the  case  of 
KNO3  and  Ca(N03)2  the  concentration  of  J  gram  in  300  grams  of  soil  had 
a  beneficial  effect  on  the  growth  of  the  plant,  but  an  injurious  effect  on 
the  development  of  nodules.  A  few  nodules  developed  in  the  presence  of 
Ca(NO«)j,  but  none  in  the  presence  of  KNOa.  The  higher  concentrations 
of  Ca(NOa)s  and  KNOs  inhibited  nodule  development  and  also  caused 
injury  to  the  plants. 

EXPERIMENT  9 
INFLUENCE  OF   CERTAIN  ADDITIONAL  SUBSTANCES 

The  method  used  in  this  experiment  was  the  same  as  in  experiment  8. 
Several  additional  chemicals  were  tested.    In  examining  the  plants,  the 
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number  of  nodules  was  counted  and  both  the  total  number  of  nodules 
and  the  average  per  plant  for  each  concentration  of  the  substance  were 
calculated.    The  results  follow  in  table  4: 


TABLE  4.    Influence  op  Certain  Additional  Substances  on  Nodule  Development 


Chemical  used 

Quantity 

added  to 

300  grams 

of  soU 

(grams) 

Nmnber 
of  plants 

Condition 
of  plants 

Number 

of 

small 

nodules 

Number 

of 

large 

nodules 

Total 
number 

of 
nodules 

Number 

of 

nodules 

per 

plant 

Ca(NO,). 

0.25 
0.60 
1.00 
2.00 

10 
8 
0 
0 

Small 

Small 

Plants  kiUed 
Plants  killed 

6 

6 
0 

0.6 
0 

Tannic  add.... 

0.25 
0.60 
1.00 
2.00 

11 

8 

12 

13 

Good 

Good 

Good 

Good 

40 

50 

17 

100 

138 
41 
50 
20 

178 
91 
67 

120 

16.2 

11.4 

5.6 

9.2 

KHsPOi 

0.25 
0.60 
1.00 
2.00 

6 
7 
4 
4 

Good 

Good 

SmaU 

Small 

10 
50 
30 
16 

50 

58 

10 

5 

60 

108 

40 

21 

10.0 

15.4 

10.0 

5.3 

MgSO* 

0.25 
0.50 
1.00 
2.00 

14 
11 
12 
13 

Good 

Good 

Good 

Good 

46 
26 
60 
24 

100 
50 
41 
32 

146 
76 

101 
56 

10.4 
6.9 
8.4 
4.3 

KCl 

0.25 
0.50 
1.00 
2.00 

7 
0 
0 
0 

Small 

Plants  killed 
Plants  killed 
Plants  killed 

34 

12 

46 

6.6 

KNOa 

0.25 
0.50 
1.00 
2.00 

14 

14 

3 

0 

Good 

SmaU 

Plants  kiUed 
Plants  killed 

15 

0 

15 

1.1 

NH4CI 

0.25 
0.50 
1.00 
2.00 

12 
2 
0 
0 

Good 

Small 

Plants  killed 
Plants  kiUed 

0 
0 

0 
0 

0 
0 

0 
0 

Witte's  peptone 

0.25 
0.50 
1.00 
2.00 

11 

11 

9 

1 

Good 

Good 

Small 

Very  small. . 

21 

20 

4 

8 
2 
0 

29 

22 

4 

2.6 
2.0 
0.4 
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TABLE  4  (conduded) 


Chemical  used 

Quantity 

added  to 

300  grams 

of  soU 

(grams) 

Number 
of  plants 

Ck>ndition 
of  plants 

Number 

of 

small 

nodules 

Number 

of 

large 

nodules 

Total 
number 

of 
nodules 

Number 

of 

nodules 

per 

plant 

KOH 

0.25 
0.50 

i.oo 

2.00 

12 

10 

3 

0 

Good 

Good 

SmaU 

Plants  killed 

35 
10 
11 

50 
45 
25 

85 
55 
36 

7.1 

5.6 

12.0 

Fe(NO,). 

0.25 
0.60 
1.00 
2.00 

11 

14 

6 

0 

Good 

Good 

Small 

4 

1 
0 

0 
0 
0 

4 
1 
0 

0.4 
0.1 
0 

Ca(H,P04),.... 

0.25 
0.50 
1.00 
2.00 

8 
14 
12 

5 

Good 

Good 

Good 

Small 

6 

90 
54 

8 

45 
94 
60 
11 

51 
184 
114 

19 

6.4 

13.1 

9.5 

3.8 

CaSO* 

0.25 
0.50 
1.00 
2.00 

11 
10 
14 
10 

Good 

Good 

Good 

Good 

22 
15 
57 
21 

65 
60 
50 
45 

87 

75 

107 

66 

7.9 
7.5 

7.4 
6.6 

FeCU 

0.25 
0.50 
1.00 
2.00 

0 
0 
0 
0 

Plants  killed 
Plants  killed 
Plants  killed 
Plants  killed 

Starch........ 

1.00 
2.00 
4.00 

12 
13 

8 

Good 

Good 

Good 

40 
59 
18 

82 
40 
42 

122 
99 
60 

10.2 
7.6 
7.6 

Controfa 1 

18 
14 

Good 

Good 

113 
107 

6.3 
7.6 

Results 
The  results  of  experiment  9  are  similar  to  those  of  experiment  8.  The 
following  chemicals  added  to  the  soil  at  the  concentrations  used  in  the 
experiment  were  injurious  to  the  plants  and  tended  to  inhibit  the  de- 
velopment of  nodules:  Ca(N08)2,  KCl,  KNO3,  NH4CI,  Witte's  peptone, 
Fe(N03)«,  and  FeCls.  On  the  other  hand,  tannic  acid,  KH2PO4,  MgS04, 
KOH,  Ca(HjP04)2,  CaS04,  and  starch  exerted  a  beneficial  influence  on 
nodule  development  and  appeared  to  have  no  injurious  effect  on  the  plants. 
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GENERAL  DISCUSSION   OF  RESULTS  OF  EXPERIMENTS 

The  nine  experiments  reported  in  Part  II,  on  the  factors  affecting  the 
development  of  nodules  on  Canada  field  peas,  are  not  extensive  enough 
to  allow  any  broad  and  general  deductions,  but  the  results  point  to  several 
conclusions.  Nodules  develop  readily  on  Canada  field  peas  in  nutrient 
solutions,  provided  the  proper  nutrient  salts  are  added.  Varying  the 
concentration  appears  to  have  a  marked  influence  on  nodule  development. 
Aeration  has  no  appreciable  effect.  Nodules  developed  on  the  long  roots  at 
as  great  a  depth  as  30  centimeters  below  the  surface  of  the  nutrient  solu- 
tion. If  air  is  essential  for  the  development  of  nodules,  enough  of  it  was 
dissolved  in  the  nutrient  solution  under  the  conditions  in  the  experiments. 
The  presence  of  nitrates  in  the  nutrient  solution  or  in  the  soil  tends  to 
inhibit  the  development  of  nodules;  the  reason  for  this  is  not  known. 
If  the  plants  are  grown  in  the  presence  of  nitrates  for  about  a  week  and 
then  inoculated,  a  few  nodules  will  develop,  but  no  further  development 
of  nodules  takes  place;  in  water  cultures  without  nitrates  and  inoculated, 
a  continuous  nodule  development  takes  place  as  long  as  the  roots 
grow. 

The  chemical  composition  of  the  various  soils  used  for  agricultural 
purposes  differs.  What  influence  this  has  on  the  various  groups  of  the 
nodule-forming  organism  and  on  nodule  development  has  never  been 
extensively  investigated.  The  results  of  the  foregoing  experiments  em- 
phasize its  importance.  The  limited  distribution  of  the  different  groups 
of  the  nodule-forming  organism  in  some  soils,  the  failures  in  inoculations, 
and  the  difficulty  in  growing  certain  legumes,  may  be  explained  in  certain 
cases  as  being  due  to  the  composition  of  the  soil.  It  is  known  that  the 
addition  of  lime  to  certain  soils  has  a  beneficial  effect  on  nodule  develop- 
ment and  on  the  growth  of  some  legumes.  It  is  highly  probable  that 
the  addition  of  other  substances  to  the  soil  may  be  beaeficial  to  other 
legumes. 

PART  III.     INFLUENCE  OF  VARIOUS  MEDIA  ON  THE   INFECTING   POWER 
AND  THE  VITALITY  OF  BACILLUS  RADICICOLA 

As  indicated  previously,  and  again  further  developed  in  the  discussion 
of  this  subject,  the  view  has  been  maintained  that  the  infecting  power, 
or  "  virulence,"  of  the  nodule-forming  organism  may  be  impaired  by 
cultivating  it  on  certain  media.     In  order  to  determine  whether  or  not 
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such  is  the  case,  and  also  to  determine  the  media  most  favorable  for 
maintaining  the  vitality  of  the  organism,  the  following  experiments  were 
made. 

The  term  virulence  has  been  used  by  previous  investigators  to  mean 
the  ability  of  the  organism  to  penetrate  the  root  and  produce  nodules. 
Since  the  term  virulence  in  this  connection,  as  also  suggested  by  Edwards 
(in  MarshaU's  Microbiologie),  does  not  correctly  apply  to  the  legume 
bacteria,  the  term  infecting  power  will  be  used  throughout  this  paper. 

Beyerinck  (1890)  was  the  first  to  isolate  a  pure  culture  of  an  organism 
from  a  nodule.  Prazmowski  (1890),  Frank  (1889),  and  Nobbe  and  others 
(1891),  stimulated  by  Beyerinck's  success,  were  also  able  to  obtain  pure 
cultures  from  the  nodules  of  various  legumes,  and  to  produce  nodules  by 
inoculating  the  plants  with  the  pure  cultures.  The  experiments  on  the 
inoculation  of  l^umes  by^  pure  cultures  at  once  raised  a  question  as  to 
the  classification  of  the  nodule-forming  organism,  which  question  is  in- 
timately connected  with  the  subject  of  the  infecting  power  of  the  organism 
and  the  resistance  of  the  plants.  Do  all  the  different  organisms  from 
the  various  species  of  legumes  belong  to  severU  species,  or  do  they  belong 
only  to  one  species  but  to  several  races  or  varieties?  Can  the  organism 
from  one  species  of  legumes  cause  nodules  on  a  different  species  of  legumes? 
Is  the  relation  between  the  legume  and  the  organism  a  case  of  symbiosis 
or  a  case  of  parasitism?  Does  the  organism  have  the  biological  or  physio- 
logical character  called  virulence  as  understood  by  pathologists,  and  can 
this  be  altered  or  destroyed  without  injuring  or  destroying  the  other 
physiological  activities?  Do  the  host  plants  have  a  resistance  in  a  patho- 
logical sense,  and  can  this  resistance  be  altered  by  the  environmental 
factors  without  altering  the  morphology,  the  structure  of  the  tissues, 
and  the  physiological  activities  of  the  plants?  Is  the  resistance  against 
the  entrance  of  the  organism  into  the  root  tissues  different  from  the 
resistance  against  the  development  of  the  organism  inside  the  root  tissues? 
These  and  similar  questions  formed  the  foundation  of  the  numerous 
investigations  that  were  undertaken  subsequently  to  the  isolation  of  the 
pure  culture  of  the  nodule-forming  organism,  and  nodule  production  by 
pure  cultures. 

Even  before  the  isolation  of  the  nodule-forming  organism  by  Beyerinck, 
it  was  observed  by  Hellriegel  (1886)  that  when  peas,  vetch,  beans,  clover, 
serradella,  and  lupines  were  inoculated  with  an  infusion  from  the  same 
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soil,  aU  the  plants  developed  nodules  except  the  serradella  and  the  lupine. 
From  this  Helliiegel  inferred  that  important  differences  must  exist  between 
the  nodule  bacteria  of  the  different  legumes. 

Beyerinck  (1888)  was  of  the  opinion  that  the  nodule-forming  organisms 
of  the  I^umes  belonged  to  one  species,  but  that  there  were  several  groups 
and  in  each  group  a  number  of  varieties.  From  the  results  of  his  sub- 
sequent investigation  (1890)  he  was  forced  to  change  his  former  opinion. 
He  considered  the  organism  of  Omithopus  and  that  of  Vicia  to  be  two 
distinct  species. 

Frank's  investigations  (1899)  led  him  to  believe  that  there  was  only 
one  species  among  the  nodule-forming  organisms. 

Salfeld  (1888)  grew  peas  and  horse  beans  in  ''  Hochmoorboden/'  and 
inoculated  one  part  of  them  with  sandy  soil  in  which  peas  were  grown 
and  the  other  part  with  sandy  soil  in  which  lupines  were  grown.  Both 
the  peas  and  the  horse  beans  inoculated  with  the  pea  soil  developed 
nodules,  while  those  inoculated  with  the  lupine  soil  were  free  from  nodules. 

Laurent  (1901)  could  produce  nodules  on  dwarf  peas  by  inoculating 
them  with  material  from  nodules  of  thirty  different  l^uminous  species, 
but  he  claimed  that  the  number,  size,  and  appearance  of  the  nodules 
was  influenced  by  the  inoculating  material  of  the  different  sources. 

Kirchner  (1896)  grew  about  one  hundred  different  species  of  legumes 
in  the  Hohenheimer  botanical  garden.  He  observed  that  all  the  different 
species  of  legumes  developed  nodules  in  the  garden  soil  except  the  soy 
beans,  although  these  had  been  grown  in.  the  garden  for  ten  years.  The 
soy  beans  did  not  produce  nodules  until  they  were  inoculated  with  soil 
on  which  Japanese  soy  beans  had  been  grown. 

The  investigations  of  Maz6  (1898)  led  him  to  divide  the  nodule-forming 
organisms  into  two  groups  —  those  adapted  to  a  neutral  or  an  alkaline 
soil,  and  those  adapted  to  an  acid  soil;  the  former  infecting  the  plants 
that  favor  neutral  and  alkaline  soil,  and  the  latter  infecting  the  plants 
that  favor  acid  soil. 

Nobbe,  Schmid,  Hiltner,  and  Hotter  (1891)  undertook  a  very  extensive 
series  of  investigations  on  the  general  subject  of  nitrogen  assimilation  by 
leguminous  plants.  Much  of  the  present  information  on  this  subject  is 
due  to  these  men,  especially  to  Hiltner  and  Nobbe.  They  showed  that 
the  only  way  to  study  the  relations  between  the  nodule-forming  organisms 
of  the  different  legumes  and  the  different  species  and  varieties  of  legumes 
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was  to  use  pure  cultures  of  the  orgaoisms  for  inoculation  purpose,  and 
not  the  soil  infusions  as  was  done  by  a  number  of  previous  investigators. 

In  a  subsequent  paper,  Nobbe,  Hiltner  and  Schmid  (1895)  arrived  at 
the  following  important  conclusions  on  the  relation  of  nodule-forming 
organisms  to  the  different  species  of  legumes: 

"  The  infecting  power  of  the  nodule  bacteria  of  the  various  groups 
and  species  of  legumes  cannot  be  differentiated  absolutely,  but  only  in 
degree.  The  pure  cultures  from  nodules  of  different  species  of  legumes 
do  not  represent  different  species,  but  only  different  forms.  We  have 
not  the  least  doubt  that  all  the  nodule  bacteria  of  the  different  legumes 
we  have  studied,  even  those  of  Mimosse,  are  one  species,  all  belonging 
to  Badliua  radicicola  of  Beyerinck.  These  bacteria,  however,  are 
influenced  by  the  plants  in  whose  roots  they  live  to  such  a  degree  that 
their  descendants  are  able  to  infect  readily  only  that  species  of  legumes 
to  which  the  former  host  plant  belonged,  at  the  same  time  losing  partly 
or  completely  the  power  to  infect  other  species  of  legumes.  When  the 
legume  is  grown  in  a  suitable  soil,  nodules  will  develop  on  the  roots 
only  when  either  those  nodule  bacteria  are  present  which  have  lived 
previously  on  that  legume  species,  or  when  the  neutral  nodule  bacteria 
are  present.  The  latter  will  be  found  in  the  soil  where  legumes  have  never 
been  grown  or  where  they  have  not  been  grown  for  a  long  time.  If  one 
l^ume  is  preponderantly  grown  in  a  soil,  most  of  the  neutral  bacteria 
become  influenced  by  this  legume,  and  when  a  different  legume  is  planted 
which  is  not  closely  related  to  the  former  no  nodules  will  be  formed,  or 
only  very  few  and  faulty  ones,  and  these  will  appear  so  late  that  they 
will  be  of  very  little  value  to  the  plants."  ^ 

By  means  of  extensive  experiments  (Nobbe  and  Hiltner,  1896)  it  has 
been  demonstrated  that  effective  inoculation  is  obtained  only  when  the 
plants  are  inoculated  with  bacteria  from  the  nodules  of  the  same  species 
of  l^umes. 

Moore  (1905)  conducted  extensive  cross-inoculation  experiments,  and 
maintains  that  '^  it  is  possible  to  cause  the  formation  of  nodules  upon 
practically  all  legumes,  no  matter  what  was  the  source  of  the  original 
organisms,  provided  they  were  cultivated  for  some  time  upon  a  synthetic 
nitrogen-free  medium."  He  states  further:  "It  is  imdoubtedly  true  that 
the  long  adaptation  of  the  bacteria  to  the  special  conditions  obtaining 

*  TkwMlation  from  the  origixuJ  German. 
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in  a  particular  species  of  legume  enables  such  organisms  to  produce  more 
abundant  nodules  in  a  shorter  length  of  time  than  bacteria  isolated  from 
some  other  legume  and  grown  upon  nitrogen-free  media.  While  this  is  of 
considerable  practical  importance,  and  will  probably  always  make  it  necesr 
sary  to  distribute  the  specific  organism  for  the  specific  crop,  it  does  not  in 
any  way  indicate  that  the  bacteria  found  in  the  nodules  of  beans,  peas, 
clovers,  etc.,  are  separate  species.  The  most  that  can  be  maintained  is 
that  there  is  a  slight  physiological  difference  due  to  the  long  association 
with  a  plant  of  a  peculiar  reaction  which  enables  the  bacteria  more  easily 
to  penetrate  the  host  upon  which  they  have  been  accustomed  to  grow. 
These  slight  racial  characteristics  can  readily  be  broken  down  by  culti- 
vation in  the  laboratory,  and  it  is  entirely  possible  to  secure  a  universal 
organism  capable  of  producing  a  limited  number  of  nodules  upon  all  the 
legumes  which  now  possess  these  growths.'' 

Hopkins  (1904)  found  that  the  organism  from  sweet  clover  readily 
inoculates  alfalfa. 

Nobbe  and  Hiltner  (1900)  undertook  to  train  the  nodule-forming 
organism  of  peas  and  that  of  beans  so  that  the  former  may  cause  nodules 
on  beans  and  the  latter  on  peas.  They  succeeded  in  doing  this,  and 
drew  the  following  conclusions: 

1.  The  nodule-forming  organism  from  peas  can  be  trained  to  produce 
nodules  on  beans,  and  that  from  beans  to  produce  nodules  on  -peas.  • 

2.  Although  some  nodules  are  produced  in  both  cases,  the  organisms 
do  not  assimilate  any  nitrogen  at  first. 

3.  If  the  pea  organism  that  caused  nodules  on  beans  is  isolated  and 
beans  are  inoculated  with  it  a  second  time,  the  organism  then  infects  the 
beans  more  readily  than  at  the  first  inoculation  and  its  power  to  assimilate 
nitrogen  is  increased.  The  organism  of  beans  behaves  in  the  same  manner 
when  made  to  infect  peas. 

Kellerman  (1912)  reports  that  Mr.  Leonard  has  succeeded  in  securing 
abimdant  inoculation  on  soy  beans,  lupines,  and  alfalfa  from  an  organism 
of  a  culture  originally  isolated  from  the  alfalfa  nodule  and  kept  on  an 
artificial  medium  in  the  laboratory  for  about  six  years.  Kellerman, 
therefore,  is  of  the  opinion  that  the  Dodule-forming  organisms  of  all  the 
Leguminosse  should  be  considered  as  a  single  species. 

The  evidence  from  the  investigations  mentioned  above  points  to  two 
conclusions:  (1)  that,  with  some  exceptions,  the  nodule-forming  organism 
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from  one  legume  does  not  cause  nodules  on  another  legume;  (2)  that 
the  organism  from  one  legume  may  be  trained  to  cause  nodules  on 
any  other  legume.  The  evidence  for  the  latter  conclusion,  however,  is 
not  final. 

About  1895  a  German  company  placed  nitragin  on  the  market  —  a  pure 
culture  of  the  nodule-forming  organism  for  inoculation  purposes.  The 
cultures  were  propagated  on  gelatin  and  their  preparation  was  based 
on  the  results  of  the  investigations  o'  Nobbe  and  Hiltner.  These  cultures 
were  extensively  tested  both  in  Germany  and  in  other  countries,  and, 
as  judged  by  the  reports  of  these  tests,  the  cultures  proved  only  partially 
successful.  As  a  result  of  these  adverse  reports  on  nitragin,  Nobbe  and 
Hiltner  (1809  a)  undertook  to  ascertain  the  cause  of  the  low  efficiency 
of  their  cultures.  They  had  already  shown  that  the  nodule-forming 
organism  can  be  trained  to  infect  other  legume  species  than  that  of  its 
host  plant,  when  they  trained  the  organism  from  peas  to  produce  nodules 
on  beans  and  that  from  beans  to  cause  nodules  on  peas.  They  went  a 
step  further  and  demonstrated  that  the  infecting  power  of  the  organisms 
can  be  altered  in  degree.  They  stated  that  the  propagation  of  the 
organism  on  artificial  media  increases  or  diminishes  the  vitalityi  and 
that  in  general  nitrogenous  media  are  injurious  to  the  vitality  of  the 
organism. 

Moore  (1905)  also  reports  that  as  a  result  of  numerous  trials  it  has 
been  found  that,  although  the  bacteria  increase  most  rapidly  on  a  medium 
rich  in  nitrogen,  the  resulting  growth  is  usually  of  very  much  reduced 
vitality,  and  when  put  into  the  soil  these  organisms  have  lost  the  ability 
to  break  up  into  the  minute  forms  necessary  in  order  to  penetrate  the 
root  hairs. 

In  a  further  study  of  this  subject,  Hiltner  (1900)  was  led  to  believe  that 
this  variableness  in  the  infecting  power  of  the  nodule-forming  organism 
is  the  determining  factor  of  the  mmiber  and  size  of  the  nodules  on  every 
plant  when  grown  under  otherwise  favorable  conditions.  He  took  some 
older  plants  that  already  had  nodules  on  their  roots,  and  placed  them 
in  a  nutrient  solution  without  any  nitrogen.  Repeated  inoculation 
with  its  own  organism  did  not  produce  any  nodules  on  the  new  rootlets. 
When  fa'l  came,  and  the  leaves  began  to  turn  yellow  and  drop,  and  the 
organisms  in  the  nodules  became  weaker  than  those  in  the  solution, 
nodules  began  to  develop  on  the  rootlets.    When  Hiltner  took  older 
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plants  that  had  no  nodules  on  then*  roots  and  placed  them  in  a  similar 
solution  to  that  used  with  the  other  plants,  an  immediate  development 
of  nodules  took  place  on  the  new  rootlets.  From  this  and  other  experi- 
ments, Hiltner  concluded  that  "  the  active  nodules  produce  immunity 
in  the  plant  against  the  bacteria  that  possess  the  same  or  a  lower  degree 
of  infecting  power  than  those  abeady  living  in  the  nodules  of  that  plant. 
Only  bacteria  of  higher  infecting  power  are  able  to  enter  the  root 
tissue.'' • 

Siichting  (1904),  believing  that  Hiltner's  theory  of  the  infecting  power 
of  the  organism  and  its  relation  to  nodule  development  was  not  sound, 
undertook  a  series  of  interesting  experiments  on  this  subject,  as  well 
as  an  elaborate  discussion  of  Hiltner's  theory  and  of  his  own  theory. 
In  his  experiments  Stichting  attempted  to  ascertain  three  points:  (1)  Have 
the  organisms  that  produce  the  first  nodules  on  the  plant  less  infecting 
power  than  those  that  produce  nodules  on  the  same  plant  subsequently? 
(2)  Does  the  symbiosis  with  the  plant  influence  the  infecting  power  of 
the  organism?  (3)  Does  the  artificial  medium  influence  the  infecting 
power  of  the  organism? 

From  his  experiments  Stichting  drew  the  following  conclusions: 

1.  The  infecting  power  of  the  bacteria  is  not  proportional  to  the  age  of 
the  nodule. 

2.  The  passage  of  the  bacteria  through  the  host  plant  does  increase 
their  infecting  power.  Their  infecting  power  does  not  vary  at  the  different 
stages  of  the  plant's  vegetative  period,  and  the  feeding  of  the  plant  by 
potassium  nitrate  is  injurious  to  the  bacteria  in  the  nodules. 

3.  When  propagated  on  artificial  media  the  lupine  bacteria  lose  their 
infecting  power  on  some  media  and  may  exist  in  a  so-called  pseudt)  form. 
On  neutral  media  the  bacteria  retain  their  infecting  power  better  than  on 
acid  media.  The  horse-bean  bacteria  do  not  behave  in  the  same  manner, 
but  keep  their  infecting  power  for  a  long  time  on  suitable  media. 

Lewis  and  Nicholson  (1905),  on  the  other  hand,  found  by  their  experi- 
ments that  "  It  seems  that  the  presence  or  absence  of  nitrogen  in  the 
culture  media  is  not  the  determining  factor  in  maintaining  the  activity 
of  the  germ.  Cultivation  in  the  presence  of  the  amount  of  nitrogen 
usually  present  in  bouillon  with  from  two  to  five  per  cent  of  cane  sugar 

•IVanalation  from  the  orijsiiial  Genuan. 
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or  glucose,  preferably  the  former,  has  given  best  results  in  a' 1  of  the  work 
connected  with  the  experiment." 

In  the  following  pages,  data  are  presented  on  experiments  conducted 
through  several  years  in  an  attempt  to  alter  the  "  virulence  " —  that 
is,  the  infecting  power  —  of  the  organism.  In  experiments  10,  12,  and  13, 
BadUus  radicicola  of  Canada  field  pea  was  used;  in  experiment  11  that 
of  alfalfa  was  used.  The  organisms  were  propagated  and  kept  on  various 
media.  Their  infecting  power  was  tested  and  measured  by  the  nodule 
development  in  plants  grown  in  a  sterilized  sandy  soil. 

EXPERIMENT     10 
INFLUENCE  OP   CLAY,   LOAM,    SAND,   AND    CARBORUNDUM 

In  this  experiment  the  organism  was  grown  on  clay,  sandy  loam,  sandy 
soil,  fine  quartz  sand,  coarse  quartz  sand,  and  carbwundum.  One  hundred 
grams  of  each  substance,  air-dried,  was  introduced  into  Erlenmeyer  flasks 
of  300  cubic  centimeters  capacity.  After  sterilization  the  media  were 
heavily  seeded  with  B,  radicicola.  This  was  accomplished  by  introducing 
into  each  flask  the  growth  of  B,  radicicola  from  one  agar  slope,  along* 
with  the  necessary  quantity  of  water.  The  amount  of  moisture  added 
to  each  medium  was  about  five  per  cent  less  than  its  capacity  for  holding 
water. 

Two  series  of  flasks  were  prepared.  In  series  1  the  media,  as  soon 
as  seeded  with  the  organism,  were  spread  on  sterile  paper  and  allowed 
to  dry  at  room  temperature.  The  time  required  for  their  complete  drying 
was  about  six  hours.  In  series  2  the  media  were  left  in  the  flasks,  plugged 
with  cotton,  and  allowed  to  stand  in  the  laboratory.  Drying  of  the 
media  in  this  series  was  very  gradual.  The  infecting  power  of  the  organism 
in  these  cultures  was  tested  by  inoculating  plants.  For  this  purpose 
Canada  field  peas  were  grown  in  sterilized  soil  in  flowerpots,  and  were 
inoculated  with  the  respective  cultures  at  the  time  of  seeding.  Inoculation 
was  accomplished  by  scattering  one  gram  of  the  inoculating  material 
over  the  soil  in  the  flowerpots.  The  first  test  was  made  when  the  cultures 
were  ten  days  old  and  the  second  test  when  the  cultures  were  forty- 
ax  days  old.  When  the  plants  were  three  weeks  old  they  were 
examined  for  presence  of  nodules.  The  results  are  presented  in  tables 
5  and  6: 
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TABLE  5.     Results  of  Fibst  Inoculation  Test.    The  Cultures  Webe  Ten  Datb  Old 


Plants  inoculated  with 


Number 

of 
plants 


Number 

of 

plants 

with 

nodules 


Total 
number 

of 
nodules 


Number 

of 
nodules 
per  plant 


Clay 

Sandy  loam 

Sandy  soil 

Fine  quartz  sand . . 
Coarse  quartz  sand 
Carborundum 

Clay 

Sandy  loam 

Sandy  soil 

Fine  quartz  sand . . 
Coarse  quartz  sand 

Carborundum 

Agar  slope  culture . 
Controls 


17 
23 
14 
15 
19 
11 


4 
13 
7 
3 
0 
2 


31 
81 
45 
9 
0 
25 


1.8 

3.5 

3.2 

0.6 

0 

2.3 


10 
15 
18 
13 
18 
14 
19 
13 


6 
10 
10 

7 
12 

4 
15 

3 


51 
90 
67 
92 
94 
23 
90 
15 


5.1 
6.0 
3.7 
7.1 
5.2 
1.6 
4.7 
1.2 


TABLE  6. 


Results  of  Second  Inoculation  Test. 
Days  Old 


The  Cultures  Were  Foett-six 


Plants  inoculated  with 


Number 

of 
plants 


Number 

of 

plants 

with 

nodules 


Total 
number 

of 
nodules 


Number 

of 

nodules 

per  plant 


Clay 

Sandy  loam 

Sandy  soil 

Fine  quartz  sand . . 
Coarse  quartz  sand 
Carborundum 

Clay 

Sandy  loam 

Sandy  soil 

Fine  quartz  sand . . 
Coarse  quartz  sand 

Carborundum 

Controls 


5 
12 
12 
10 

4 
11 


5 

11 

10 

10 

4 

7 


53 
79 

151 
58 
41 

113 


10.6 
6.6 

12.6 
5.8 

10.3 

10.3 


3 
4 

14 

8 

7 

10 

36 


3 
3 

14 
7 
6 
4 

13 


20 

45 

188 

190 

78 

32 

120 


6.7 
11.3 
13.4 
23.8 
11.1 
3.2 
3.3 
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ResuUa 

In  both  tests  there  was  a  certain  amount  of  infection  due  to  other 
sources  than  the  inoculating  materials.  In  the  first  test  three  of  the 
thirteen  plants  used  as  controls  developed  nodules,  while  in  the  second 
test  thirteen  of  the  thirty-six  control  plants  developed  nodules.  It  was 
noticed,  however,  that,  as  a  rule,  if  contamination  took  place  subsequently 
to  the  inoculation  and  the  plants  were  examined  within  four  weeks  after 
planting,  the  nodules  due  to  the  contamination  were  small  and  developed 
on  the  lateral  roots  near  the  surface  of  the  soil,  whereas  nodules  resulting 
from  inoculation  always  appeared  first  on  the  taproot  and  were  larger. 
Nevertheless,  the  results  as  shown  in  the  two  tables  do  not  allow  any 
clear-cut  deductions.  The  plants  of  the  first  test  (table  5)  were  examined 
three  weeks  after  planting;  the  plants  of  the  second  test  (table  6)  were 
kept  for  four  weeks,  which  probably  accounts  for  the  larger  number  of. 
nodules  on  those  plants. 

It  appears  certain  that  B.  radicicola  remained  alive  and  retained  its 
infecting  power  in  practically  all  the  substances  for  forty-six  days.  Car- 
borundum gave  the  poorest  results.  The  plants  inoculated  with  this 
substance  developed  only  small  nodules,  mostly  on  the  side  roots  —  a  fact 
pointing  to  subsequent  infection.  As  regards  the  two  series,  much  better 
inoculation  was  obtained  from  series  2  in  both  tests.  In  the  first  test 
99  plants  were  inoculated  with  the  cultures  of  series  1.  These  plants 
produced  191  nodules,  which  is  an  average  of  1.9  nodules  per  plant.  The 
88  plants  inoculated  with  the  cultures  from  series  2  produced  417  nodules, 
which  is  an  average  of  4.7  nodules  per  plant.  From  similar  calculations 
for  the  second  test,  it  is  found  that  the  average  number  of  nodules  per 
plant  was  9.2  in  series  1,  and  12  in  series  2.  In  both  tests  the  plants 
inoculated  with  the  cultures  of  series  2  produced  more  nodules  than 
those  inoculated  with  the  cultures  of  series  1.  The  drying  of  the  substances 
in  series  1  either  reduced  the  infecting  power  of  B.  radicicola^  or  reduced 
the  number  of  the  organisms,  or  had  both  results. 

experiment  11 
influencb  of  hydrochloric  acid,  sodium  hydroxide,  and 
cane  sugar,  in  varying  concentrations 
In  this  experiment  B,  radicicola  of  alfalfa  was  isolated  and  identified 
aco(»rding  to  the  procedure  described  in  Part  I  of  this  paper.      The 
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organism  was  propagated  on  media  334,  335,  and  337  (page  11),  to  which 
were  added  various  amounts  of  hydrochloric  acid  (HCi)  and  sodium 
hydroxide  (NaOH).  Cane  sugar  was  added  in  various  amounts  to 
medium  334. 

Ten  cubic  centimeters  of  the  media  were  introduced  into  each  test 
tube  and  sterilized.  While  the  agar  was  still  melted  the  various  additions 
were  made  to  the  tubes,  and,  after  thorough  mixing,  the  tubes  were 
sloped. 

All  cultures  were  made  in  duplicate.  At  the  end  of  three  weeks  stain 
preparations  were  made  from  each  slope  for  morphological  study,  carbol 
fuchsin  being  used  for  staining.  The  media  employed  and  the  results 
of  the  morphological  study  are  given  in  table  7: 


TABLE  7.     MoBPHOLOOiCAL  Variation  of  B.  RADiacoLA  on  the  Dipfbbent  Media 


Medium 


Morphological  appearance 


Multiplication 


Medium  331,  10  cc. 


+  0 

+  0.1  cc.  N/1  HCI.... 

+  0.5  cc.  N/1  HCI.... 

+  l.Occ.  N/IHQ.... 

+  l.Scc.  N/IHQ.... 

+  2.0CC.  N/IHQ.... 

+  3.0  cc.  N/1  Ha.... 

+  0.1  cc.  N/1  NaOH.. 

+  0.5  cc.  N/1  NaOH.  . 

+  l.Oco.  N/1  NaOH.. 

+  1.6  cc.  N/1  NaOH.  . 

+  2.0 cc.  N/1  NaOH.. 

4-  3.0 cc.  N/1  NaOH.. 

4-  0.1  per  cent  cane  sugar 

+  0.5  per  cent  cane  sugar 

+  1.0  per  cent  cane  sugar 

+  1 .5  per  cent  cane  sugar 

4-  2.0  per  cent  cane  sugar 

+  3.0  per  cent  cane  sugar 

-|-  4.0  per  cent  cane  sugar 

4-  5.0  per  cent  cane  sugar 

4-  6.0  per  cent  cane  sugar 

4-  8.0  per  cent  cane  sugar 
4-10.0  per  cent  cane  sugar 


Small,  short  cells 

Short  rods,  slightly  stained 

Short  rods,  slightly  stained 

Short  rods,  slightly  stained 

Short  rods,  slightly  stained 

Short  rods,  slightly  stained 

Short  rods,  slight! v  st.ained 

Short  rods,  w  Jl  «L-:-jd 

Short  rods,  well  stained 

Short  rods,  well  stained 

Short  rods,  well  stained 

Short  rods,  well  stained,  few  small  bacteroids 
Short  rods,  well  stained,  few  small  bacteroids 

Cells  vary  in  sise,  bacteroids  present 

Cells  vary  in  size,  bacteroids  present 

Cells  vary  in  size,  bacteroids  present 

Cells  vary  in  size,  bacteroids  present 

Cells  vary  in  size,  bacteroids  present 

Cells  vary  in  size,  bacteroids  present 

Cells  vary  in  size,  bacteroids  more  abundant 
Cells  vary  in  size,  bacteroids  more  abundant 
Cells  vary  in  size,  bacteroids  more  abundant 
Cells  vary  in  size,  bacteroids  very  abundant . 
Cells  vary  in  size,  bacteroids  very  abundant 


Fair 

Fair 

Poor 

None 

None 

None 

None 

Good 

Good 

Poor 

Poor 

Very  poor 

Doubtful 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Fair 

Fair 

Poor 
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Medium 


Morphological  appearance 


Multiplioatiou 


Medium  335, 10  cc. 

+  0 

+  0.1CC.  N/lHa.. 
+  0.6cc.N/lHa.. 
+  1.0cc.N/lHa.. 
+  1.5CC.N/1HC1.. 
+  2.0cc.N/lHa.. 
+  3.0cc.N/lHa.. 
+  0.1cc.N/lNaOH. 
+  0.5cc.N/lNaOH 
+  1.0cc.N/lNaOH. 
+  1.5cc.N/lNaOH 
4-2.0cc.N/lNaO& 
+  3.0cc.N/lNaOH 


Variation  in  sise  and  ahape,  few  bacteroids — 
Variation  in  dse  and  shape,  few  bacteroids — 

Very  few  rods 

No  organisms  visible 

No  organisms  visible 

No  organisms  visible 

No  organisms  visible 

Variation  in  size  and  shape,  few  bacteroids — 

Variation  in  sise  and  shape,  few  bacteroids 

Qreater  variation,  more  bacteroids  than  in  0.5 
Qreater  variation,  more  bacteroids  than  in  0. 5 
Greater  variation,  more  bacteroids  than  in  0.5 
Cells  stained  deeper  than  others,  bacteroids 
present 


Good 

Good 

Poor 

Doubtful 

None 

None 

None 

Very  good 

Very  good 

Good 

Good 

Poor 

Doubtful 


Medium  337,  10  cc. 


+  0 

+  0.1CC. 
+  0.5  oc. 
+  1.0  cc. 
+  1.5cc. 
-H2.0cc. 
-h3.0oc. 
+  0.1cc. 
+  0.5cc. 
+  1.0cc. 


N/IHQ... 
N/IHQ... 
N/lHCl... 

N/1  Ha... 

N/IHQ... 
N/lHCl... 
N/1  NaOH. 
N/1  NaOH.. 
N/1  NaOH. 


+  1.5  cc.  N/1  NaOH. 
+  2.0  cc.  N/1  NaOH.. 
+  3.0  cc,  N/1  NaOH. 


Pronounced  variation  in  shape  and  size  of  cells. 

Small  cells,  irregular  shape  and  size 

Very  slender  cells,  irregular  shape  and  size. 

Extremely  snuUl  cells 

Extremely  small  cells 

Extremely  snukll  cells 

No  organisms  visible 

Short,  irregular  ceUs 

Short,  irregular  cells 

Shape  and  size  extremely  varied,  many  bac- 
teroids 


Large  cells,  varying  in  shape  and  size,  many 
bacteroids 


Large  cells,  varying  in  shape  and  size,  many 
bacteroids 

Very  large  cells,  varying  in  shape  and  size, 
many  bacteroids 


Good 

Good 

Poor 

Very  poor 

Doubtful 

None 

None 

Abundant 

Abundant 

Abundant 

Good 

Good 

Poor 


In  order  to  test  the  infecting  power  of  the  different  cultures,  three 
flowerpots  of  alfalfa  plants  grown  in  sterile  soil  were  inoculated  with 
the  organism  from  each  test  tube.  Four  weeks  after  inoculation  the 
plants  were  examined  for  nodule  development.  The  results  of  the  in- 
oculations are  presented  in  table  8.  Fifty-eight  plants  in  flowerpots 
were  used  as  controls.  These  plants  were  grown  in  sterile  soil  and  were 
not  inoculated.    The  control  plants  were  distributed  among  the  other 
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plants  in  order  to  see  to  what  extent  an  infection  from  neighboring  flower- 
pots may  take  place. 


TABLE  8. 


Infecting  Power  of  Various  Cultures.    B.  radicicola  Was  Propagated 
FOR  Three  Weeks  on  the  Different  Media 


Medium 


Number 

of 

plants 

inoculated 


Total 
number 

of 
nodules 


Number 

of 
nodules 
per  plant 


Medium  334,  10  cc. 


+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 


:  cc.  N/l  HCl. 
6  cc.  N/l  HCl. 
0  cc.  N/l  HCl. 
5  cc.  N/l  HCl. 
0  cc.  N/l  HCl. 
0  cc.  N/l  HCl. 


+   0 
+    1. 


4- 
4- 
+ 
4- 
4- 
4- 


4-10 


Ice.  N/l 
.5cc.  N/l 
Occ.  N/l 
.  5  cc.  N/l 
Occ.  N/l 
Occ.  N/l 
.  1  per  cent 
.5  per  cent 
.0  per  cent 
.  5  per  cent 
.  0  per  cent 
,0  per  cent 
,  0  per  cent 
0  per  cent 
0  per  cent 
0  per  cent 


NaOH. 
NaOH. 
NaOH. 
NaOH. 
NaOH. 
NaOH. 


cane 
cane 
cane 
cane 
cane 
cane 
cane 
cane 
cane 
cane 


sugar, 
sugar, 
sugar, 
sugar, 
sugar, 
sugar, 
sugar, 
sugar, 
sugar, 
sugar. 


42 
50 
43 
32 
38 
53 
35 
37 
43 
48 
47 
34 
27 
27 
46 
35 
32 
48 
38 
29 
35 
33 
33 
30 


265 

320 

188 

0 

6 

22 

7 

184 

275 

234 

304 

168 

94 

•75 

182 

124 

117 

198 

140 

125 

138 

132 

110 

85 


6.3 

6.4 

4.3 

0 

0.2 

0.4 

0.2 

5.0 

6.4 

4.9 

6.5 

4.9 

3.5 

2.8 

4.0 

3.5 

3.7 

4.1 

3.7 

4.3 

3.9 

4.0 

3.3 

2.8 


Medium  335,  10  cc. 


4-0 

4-0.1  cc. 
4-0.5CC. 
4-l.Occ. 
4-1.5CC. 
4-2.0CC. 
4-3.0CC. 
4-0.1  CC. 
4-0.5CC. 
4-l.Occ. 
4-1.5CC. 
4-2.0CC. 
4-3.0CC. 


N/l  HCl... 
N/l  HCl... 
N/l  HCl... 
N/l  HCl... 
N/l  HCl. . . 
N/l  HCl... 
N/l  NaOH. 
N/l  NaOH. 
N/l  NaOH. 
N/l  NaOH. 
N/l  NaOH. 
N/l  NaOH. 


29 
34 
50 
68 
50 
56 
58 
33 
32 
30 
36 
30 
21 


132 

183 

6 

0 

22 

5 

4 

186 

131 

212 

284 

180 

109 


4.6 

5.4 

0.1 

0 

0.4 

0.1. 

0.1 

5.6 

4.1 

7  1 

7.9 

6.0 

6.2 
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TABLE  8  (conduded) 


Medium 


Number 

of 

plants 

inoculated 


Total 
number 

of 
nodules 


Number 

of 
nodules 
per  plant 


Medium  337,  10  cc. 

+  0 

-f  O.lcc.  N/lHCl... 
H-O.Scc.  N/lHCl... 
-f  l.Occ.  N/lHCl... 
+  1.5CC.  N/lHa... 
-f  2.0CC.  N/lHCl... 
+  3.0CC.  N/IHQ... 
4-O.lcc.  N/lNaOH 
+  0.5CC.  N/1  NaOH. 
+  l.Ooc.  N/lNaOH. 
+  1.5  cc.  N/1  NaOH. 
+  2  0  cc.  N/1  NaOH. 
+  3.0  cc.  N/1  NaOH. 

Controls 


23 
32 
37 
36 
36 
33 
32 
26 
27 
39 
31 
32 
33 


54 

50 

110 

77 

23 

94 

132 

80 

120 

174 

114 

154 

87 


2.3 
1.6 
3.0 
2.1 
0.6 
2.8 
4.1 
3.1 
4.4 
4.5 
3.7 
4.8 
2.6 


735 


♦624 


0.8 


*  Nodules  were  present  in  only  thirteen  out  of  fifty-eight  pots 

ResuUs 
The  extent  of  multiplication  and  the  description  of  the  morphological 
characters  of  the  organisms  in  the  various  media  are  summarized  in  table?. 
No  visible  increase  in  the  number  of  organisms  was  found  when  1  cubic 
centimeter  or  more  of  the  normal  solution  of  HCl  was  added  to  10  cubic 
centimeters  of  each  medium.  The  few  organisms  found  on  these  slopes 
were  probably  those  that  were  introduced  when  the  slopes  were  inoculated. 
In  medium  337  slight  multiplication  took  place  on  slopes  of  10  cubic 
centimeters  of  the  medium  plus  1  cubic  centimeter  of  the  normal  solution 
of  HCl.  The  best  multipUcation  occurred  in  media  335  and  337  when 
0.1  to  1  cubic  centimeter  of  the  normal  solution  of  NaOH  was  added 
to  10  cubic  centimeters  of  the  medium.  This  was  particularly  noticeable 
in  medium  337.  The  addition  of  3  cubic  centimeters  of  the  normal  solu- 
tion of  NaOH  to  10  cubic  centimeters  of  the  medium  practically  inhibited 
multipUcation.  The  bacteroids  developed  more  readily  when  NaOH  was 
added. 
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The  addition  of  sugar  to  medium  334,  up  to  10  per  cent,  caused  more 
rapid  multiplication  and  also  the  development  of  bacteroids. 

In  medium  334  multiplication  of  the  organisms  was  very  slow  and  only 
a  few  bacteroids  developed  in  the  three  weeks.  In  medium  337  multipli- 
cation was  abundant  and  bacteroids  developed. 

The  results  of  inoculation  are  given  in  table  8.  There  were  two  hundred 
and  eight  flowerpots,  which  were  crowded  together  because  of  lack  of 
space.  Fifty-eight  flowerpots  contained  control  plants,  which  were 
scattered  among  the  inoculated  pots.  The  plants  in  forty-five  of  the 
control  pots  developed  no  nodules;  thirteen  of  the  control  pots  were 
contaminated,  and  these  were  located  mostly  among  the  flowerpots 
inoculated  with  the  organisms  grown  on  medium  337.  This  contamination 
occurred  in  spite  of  the  precautions  taken  to  prevent  the  organisms  from 
being  carried  from  one  flowerpot  to  another  when  the  plants  were  watered. 
In  these  experiments  and  in  others  not  reported  in  this  paper,  it  was  found 
that  when  a  large  number  of  flowerpots  were  used  at  one  time  it  was 
difficult  to  prevent  infection  from  other  sources  than  that  of  the  inoculating 
material.  This  was  particularly  true  in  the  case  of  those  legumes  that 
produce  an  abundance  of  nodules  in  the  soil  of  this  region,  and  when 
the  plants  were  allowed  to  grow  for  longer  periods  than  three  weeks. 
The  results  in  this  experiment  are  marred  by  a  certain  amount  of  con- 
tamination. The  data  in  table  8  are  so  arranged  as  to  show  the  total 
number  of  nodules  on  all  the  plants  inoculated  with  the  same  material, 
and  also  to  show  the  average  number  of  nodules  to  each  of  these  plants. 
Basing  the  conclusions  on  the  mere  number  of  nodules  overemphasizes 
the  importance  of  the  contamination.  When  the  plants  were  examined, 
and  the  size,  location,  and  evenness  of  distribution  of  the  nodules  among 
the  plants  in  the  same  flowerpot  were  noted,  in  addition  to  their  total 
number,  much  more  reliable  evidence  was  obtained.  In  view  of  this, 
the  following  conclusions  seemed  to  be  warranted: 

When  B.  radidcolA  of  alfalfa  is  propagated  bn  media  334,  335,  and 
337  and  kept  for  three  weeks,  multiplication  of  the  organism  takes  place 
and  the  infecting  power  is  not  lost.  A  slight  reduction  in  infecting  power 
seems  to  be  apparent  on  medium  337.  The  addition  of  0.1  cubic  centimeter 
of  the  normal  solution  of  HCl  to  10  cubic  centimeters  of  each  of  these 
media  very  slightly  diminished  the  amount  of  growth,  but  the  infecting 
power  was  not  affected.    When  0.5  cubic  centimeter  of  the  acid  solution 
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was  added,  the  amount  of  growth  was  decidedly  reduced  on  media  334 
and  335  and  the  infecting  power  also  was  reduced.  The  influence  of  this 
amount  of  acid  in  medium  337  was  not  so  pronounced.  The  addition 
of  1  cubic  centimeter  or  more  of  the  acid  solution  completely  inhibited 
the  growth  and  the  infecting  power  of  the  organism  on  all  three 
media. 

The  addition  of  0.1,  0.5, 1,  1.5,  and  2  cubic  centimeters,  respectively,  of 
the  normal  solution  of  NaOH,  to  10  cubic  centimeters  of  each  of  the  media, 
increased  the  amount  of  growth  and  also  the  effectiveness  of  the  inoculation. 
The  addition  of  3  cubic  centimeters  of  the  normal  solution  of  NaOH 
reduced  the  amount  of  growth  and  the  infecting  power.  The  heaviest 
growth  took  place  on  medium  337  to  which  the  above  amoxmts  of  NaOH 
were  added,  but  the  plants  inoculated  with  these  cultures  did  not  produce 
as  many  nodules  as  did  the  plants  inoculated  with  the  organisms  propa- 
gated on  media  334  and  335  —  a  fact  that  suggests  the  possibility  of 
a  reduction  in  infecting  power. 

The  addition  of  cane  sugar  to  medium  334  in  the  amounts  indicated 
in  table  8  has  a  beneficial  influence  on  the  multiplication  of  the  organism. 
The  infecting  power  does  not  seem  to  be  affected  by  it.  All  the  cultures 
in  which  any  multiplication  was  observed  produced  positive  inoculation, 
so  that  the  infecting  power  of  the  organism  was  not  destroyed.  The 
variations  in  the  number  of  nodules  on  the  plants  inoculated  by  the 
different  cultures  seem  to  indicate  that  the  organisms  propagated  on 
medium  337  partly  lost  their  infecting  power.  This  measure  of  infecting 
power,  however,  is  not  accurate,  and  other  explanations  might  easily 
be  supplied.  The  most  noticeable  point  was  that  positive  inoculation 
was  produced  by  all  the  cultures  in  which  any  multiplication  took  place, 
so  that  the  growth  and  the  infecting  power  seem  to  run  parallel. 

EXPERIMENT   12 
INFLUENCE  OF  S01£B  OTHER  MEDIA 

The  organism,  isolated  as  described  in  Part  I,  was  kept  in  the  laboratory 
foe  two  years  on  agar  slopes,  medium  335,  before  this  experiment  was 
started.  During  this  time  the  organism  was  continually  exposed  to 
diffused  light  and  to  the  ordinary  variations  in  temperature  and  humidity. 
The  organism  was  then  propagated  on  agar  slopes,  medium  334,  to  which 
various  substances  were  added  as  is  indicated  in  tables  9  and  10.    Twelve 
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TABLE  9.    DsscRipnoN  of  Three-Weeks-Old  Gbowth  of  B.  radicioola  on  Agab 

Slopes 


Medium  334  with 


Description  of  growth 


2.0  per  cem 
2.0  per  cent 
2.0 per  cem 
2.0  per  ceni 
2 . 0  per  ceni 
10.0  per  ceni 
20.0  per  cent 
40.0  per  oeni 
2.0  per  cenl 
2.0  per  ceni 
0.1  percent 
1 . 0  per  ceni 
0 . 5  per  cem 
0.5  per  ceni 
0.2  per  oeni 
0.5  per  cem 
0 . 5  per  ceni 
0.1  per  cem 
0.2  per  ceni 
0.6  per  ceni 
0.1  per  ceni 
0.2  per  ceni 
0.6  per  ceni 
1 . 0  per  ceni 
5.0  per  ceni 
1 .0  per  ceni 
2.0  per  ceni 
5  Oper  ceni 
0.2  per  ceni 
1 . 0  per  cen 
3  0  per  cent 


it  cane  sugar 

it  dextrose 

t  levuiose 

it  lactose 

it  galactose 

t  cane  sugar 

it  cane  sugar 

it  cane  sugar 

it  glycerin 

it  mannite 

it  asparagin 

it  salicin 

t  amygdalin 

it  resorcin 

it  phloroglucin 

t  potassium  oxalate. 
it  potassium  citrate . 
t  potassium  nitrate . 
it  potassium  nitrate . 
it  potassium  nitrate . 
it  calcium  nitrate .  . . 
it  calcium  nitrate . . . 
it  ca  cium  nitrate . . . 

it  gelatin 

it  gelatin 

it  Witte's  peptone. . . 
it  Witte's  peptone. . . 
it  Witte's  peptone. . . 
it  Merck's  peptone. . 
it  Merck's  peptone. . 
it  Merck's  peptone. . 


Crood,  watery 

Good,  watery 

Not  visible 

Not  so  good  as  with  cane  sugar 

Good,  watery    ' 

Good,  watery 

Good,  watery 

Slight,  very  transparent 

Good,  watery 

Good,  watery 

Fair 

Fair,  whitish,  not  watery 

Fair,  whitish 

Hardly  visible 

Not  visible 

Not  visible 

Not  visible 

Poor,  fluorescent,  opaque 

Poor,  fluorescent,  opaque 

Poor,  fluorescent,  opaque 

Medium,  very  opaque,  fluorescent,  tough,  brownish 

Medium,  very  opaque,  fluorescent,  tough,  brownish 

Medium,  v^  opaque,  fluorescent,  tough,  brownish 

Medium,' juicy,  opaque 

Poor 

Abundant,  juicy 

Abimdant,  juicy 

Not  visible 

Abundant,  fluorescent,  whitish  to  brownish 

Abundant,  fluorescent,  whitish  to  brownish 

Not  visible 


tubes  of  each  medium  were  prepared,  and  after  being  sterilized  they 
were  sloped  and  inoculated. 

The  following  substances  were  used  alone  as  media:  soy  bean  hay, 
ground;  soy  bean  roots,  ground;  Canada  field  pea  hay,  ground;  Canada 
field  pea  roots,  ground;  Canada  field  pea  seeds,  ground;  compost  (well- 
decomposed  cow  feces),  ground;  partly  decomposed  cow  feces,  ground;  fresh 
cow  feces,  ground;  corn  meal;  sawdust;  wheat  bran;  wheat  middlings; 
sandy  soil;  muck;  cornstarch.    These  substances  were  dried  at  100°  C, 
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ground  fine,  and  then  introduced  into  test  tubes  25  x  180  millimeters  in  size. 
EJach  tube  was  filled  to  one-third  its  capacity.  Twelve  test  tubes  were 
prepared  for  each  medium,  plugged  with  cotton,  and  sterilized  in  the 
autoclave  for  one  hour  at  15°  C.  For  inoculation  10  cubic  centimeters 
of  sterile  water  in  which  the  organisms  were  suspended  was  added  to  each 
test  tube.  At  the  end  of  two  weeks  the  test  tubes  were  sealed  with 
paraflSn  in  order  to  reduce  evaporation.  All  the  cultures  were  kept  in 
the  laboratory  at  room  temperature. 

Three  tests  were  made  in  order  to  determine  the  infecting  power  of  the 
organism  propagated  on  the  various  media.  The  first  test  was  made  at 
the  eod  of  the  third  week,  the  second  at  the  end  of  the  tenth  week,  and 
the  third  at  the  end  of  the  tweotieth  week.  In  these  tests  one  test  tube 
was  taken  from  each  of  the  media,  the  total  number  of  organisms  in  each 
of  these  tubes  was  determined  by  the  plate  method,  and  Canada  field  pea 
plants  were  inoculated. 

The  plants  were  grown  in  sterilized  sandy  soil  in  flowerpots,  three 
flowerpots  being  inoculated  with  each  culture.  When  the  plants  were 
three  weeks  old  they  were  examined  and  the  nodules  on  each  plant  were 
counted.      In  table  9  is  given  a  description  of  the  three-weeks-old  growth 


TABLE  10. 


Number  or  Organisms  in  the  Various  Media  at  the  Time  the  Tests 
Were  Made 


Medium 


Number  of  organisms  per  gram 


Cultures 
three  weeks  old 


Cultures 
ten  weeks  old 


Cultures 

twenty 

weeks  old 


Soy  bean  hay 

Soy  bean  roots 

Canada  field  pea  hay 

Canada  field  pea  roots 

Canada  field  pea  seeds 

Compost 

Partly  decomposed  cow  feces 

Fresh  cow  feces 

Com  meal 

Sawdust 

Wheat  bran 

Wheat  middlings 

Sandy  soil 

Muck 

Cornstarch 


1,600, 

10,000, 

340, 

120, 

60, 

7,200, 

32, 

10,000, 

4,000, 

60, 

620, 

200, 


0 
0 
Few 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 


0 

0 

0 

306,000,000 

185,000,000 

75,000,000 

75,000,000 

440,000,000 

Contamination 

3,000,000 

370,000,000 

390,000,000 

37,000,000 

222,000,000 

55,000,000 


0 
0 
0 
0 


120,000,000 

3,240,000,000 

810,000,000 

97,000,000 

3,500,000 

600,000,000 

420,000,000 

20,000,000 
240,000,000 

97,000,000 
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TABLE  10  {concluded) 


Medium  334  with 


Number  of  organisms  on  one  agar  slope 


Cultures 
three  weeks  old 


Cultures 
ten  weeks  old 


Cultures 
twenty- 
weeks  old 


2. 0  per  cent  cane  sugar 

10.0  per  cent  cane  sugar 

20.0  per  cent  cane  sugar 

40. 0  per  cent  cane  sugar 

2  0  per  cent  dextrose 

2.0  per  cent  levulose , 

2.0  per  cent  lactose 

2.0  per  cent  galactose 

2.0  per  cent  glycerin 

2.0  per  cent  mannite 

0. 1  per  cent  asparagin 

1.0  per  cent  salicin 

0.5  per  cent  amygdalin 

0.5  per  cent  resorcin 

0.2  per  cent  phloroglucin 

0.1  per  cent  potassium  nitrate. 

0.2  per  cent  potassium  nitrate 

0.6  per  cent  potassium  nitrate. 

0 . 1  per  cent  calcium  nitrate . . . 

0.2  per  cent  calcium  nitrate. . . 

0.6  per  cent  calcium  nitrate. . . 

1 .0  per  cent  gelatin 

5. 0  per  cent  gelatin 

1.0  per  cent  Witte's  peptone. . 

2.0  per  cent  Witte's  peptone. . 

5.0  per  cent  Witte's  peptone. . 

0.2  per  cent  Merck's  peptone. , 

1.0  per  cent  Merck's  peptone. . 

3.0  per  cent  Merck's  peptone. . 

0.5  per  cent  potassium  oxalate 

0.5  per  cent  potassium  citrate. 


No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 


count  made 
count  made 
ooimt  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  niade 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 
count  made 


300,000,000 

3,000,000 

1,000,000 

16,000,000 

31,000,000 

400,000 

Plates  spoiled 

3,000,000 

250,000,000 

No  colonies 
250,000,000 

No  colonies 

Few 

120,000,000 

74,000,000 
259,000,000 
280,000,000 
150,000,000 
400,000,000 
150,000,000 

50,000,000 

50,000 

Contaminated 

No  colonies 

22,000,000 
300,000,000 
•  No  colonies 

No  colonies 

No  colonies 


90,000,000 

5,000,000 

10,000 

No  colonies 

52,000,000 

No  colonies 

180,000 

600,000 

20,000,000 

25,000,000 

108,000,000 

No  colonies 

No  colonies 

No  colonies 

No  colonies 

72,000,000 

224,000,000 

144,000,000 

486,000,000 

108,000,000 

130,000,000 

64,000,000 

Plates  spoiled 

216,000,000 

648,000,000 

No  colonies 

8,000,000 

324,000,000 

No  colonies 

No  colonies 

No  colonies 


of  B,  radicicola  on  the  agar  slopes  to  which  the  various  chemicals  were 
added.  The  number  of  organisms  in  the  cultures  on  the  various  naedia 
at  the  time  they  were  tested  for  their  eflSciency  to  produce  nodules  is  given 
in  table  10.  The  results  of  the  inoculations  are  shown  in  tables  11,  12, 
and  13. 

ResvUa 

Growth  and  number  of  organisms  {tables  9  and  10) 
Bacillus  radicicola  of  Canada  field  pea  produces  scant  growth  on  agar 
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slope  medium  334.  Some  of  the  substances  that  were  added  to  this 
medium  retarded  or  completely  inhibited  the  growth;  others  had  no 
appreciable  effect  on  the  growth;  and  still  others  caused  a  decided  increase 
in  the  growth  as  compared  with  that  on  medium  334  alone.  (Table  9.) 
No  visible  growth  was  produced  when  the  following  substances  were 
added:  levulose  2  per  cent,  phloroglucin  0.2  per  cent,  potassium  oxalate 
0.5  per  cent,  potassium  citrate  0.5  per  cent,  Witte's  peptone  5  per  cent, 
Merck's  peptone  3  per  cent.  The  growth  in  the  remaining  cultures 
was  watery,  almost  transparent,  very  viscous,  especially  in  the  presence 
of  sugars. 

The  number  of  organisms  on  the  agar  slopes  was  determined  when  the 
cultures  were  ten  and  twenty  weeks  old,  and  in  the  case  of  the  substances 
in  which  the  organism  was  propagated  the  determination  was  made  at 
three,  ten,  and  twenty  weeks.  The  data  in  table  10  show  a  wide  variation; 
but  in  general,  wherever  a  visible  amoimt  of  growth  appeared  on  the  agar 
slopes  large  numbers  of  organisms  were  found.  At  the  end  of  ten  weeks 
no  organisms  were  found  in  the  presence  of  salicin  1  per  cent,  resorcin 
0.5  per  cent,  Witte's  peptone  5  per  cent,  Merck's  peptone  3  per  cent, 
potassium  oxalate  0.5  per  cent,  and  potassium  citrate  0.5  per  cent.  At 
the  end  of  twenty  weeks,  in  addition  to  the  above  no  organisms  were 
found  m  the  presence  of  care  sugar  40  per  cent,  levulose  2  per  cent,  amyg- 
dalin  0.5  per  cent,  and  phloroglucin  0.2  per  cent. 

Very  large  numbers  of  the  organism  were  found  on  most  of  the  sub- 
stances that  were  ground  and  used  as  media.  Wheat  bran  and  ground 
Canada  field  pea  seeds  each  had  10,000,000,000  organisms  per  gram  at 
the  end  of  three  weeks.  The  organisms  remamed  in  a  vigorous  condition 
on  these  media  for  twenty  weeks,  as  judged  by  the  development  of  colonies 
and  by  the  results  of  inoculation  of  the  plants.  In  soy  bean  hay  and 
soy  bean  roots  no  multiplication  took  place,  and  the  organisms  introduced 
at  the  time  of  seeding  these  two  media  were  found  to  be  dead  at  the  end 
of  three  weeks. 

First  test  of  infecting  power  {table  11) 

Three  flowerpots  were  inoculated  with  each  culture,  these  cultures 
being  three  weeks  old  when  used.  The  inoculated  plants  were  kept  in 
the  greenhouse  and  were  examined  for  nodule  development  three  weeks 
after  inoculation.    The  data  are  presented  in  table  11 : 
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TABLE  11.     Infbctino  Power  op  Cultubbs  Three  Weeks  Old 


Medium  334  with 


Nodules 

in 
flower- 
pot 1 


Nodules 

in 
flower- 
pot 2 


Nodules 

in 
flower- 
pot 3 


2.0 
2  0 
2.0 
2.0 
2.0 
10.0 
20  0 
30.0 
40.0 
1.0 
0.5 
0.5 
0.2 
0.5 
0.5 
0.1 
0.2 
0.6 
•0.1 
0.2 
0.6 
1.0 
2.0 
5.0 
0.2 
1.0 
3.0 


per  cent 
per  ceni 
per  ceni 
per  ceni 
per  ceni 
per  cenl 
per  oen 
per  cenl 
per  oeni 
per  cenf 
per  oem 
per  ceni 
per  cem 
per  cenl 
per  ceni 
per  ceni 
per  cem 
per  cenl 
per  ceni 
per  cenl 
per  cenl 
per  ceni 
per  ceni 
per  cem 
per  cem 
per  cen1 
per  ceni 


t  cane  sugar 

t  dextrose 

it  levulose 

it  lactose 

it  galactose 

it  cane  sugar 

it  cane  sugar 

it  cane  sugar 

it  cane  sugar 

it  salicin 

it  amygdalin 

it  resorcin 

it  phloroglucin 

it  potassium  oxalate, 
it  potassium  citrate . 
it  potassium  nitrate, 
it  potassimn  nitrate . 
it  potassium  nitrate . 
it  calcium  nitrate . . . 
it  calcium  nitrate . . . 
it  calcium  nitrate .  . . 
it  Witte's  peptone . . . 
it  Witte's  peptone . . 
it  Witte's  peptone . . , 
it  Merck's  peptone . . 
it  Merck's  peptone. . 
it  Merck's  peptone. . 


Other  media 


Many 

Many 

None 

Many 

Many 

Many 

Few 

Few 

Few 

Many 

Many 

None 

Few 

None 

None 

Many 

Many 

Few 

Many 

Many 

Many 

Many 

Few 

None 

Many 

Many 

None 


Many 
Many 
None 
Many 
Many 
Many 

Few 

Few 

Few 
Many 

Few 
None 

Few 
None 
None 
Many 
Many 

Few 
Many 
Many 
Many 
Many 

Few 
None 
Many 
Many 
None 


Many 

Few 

None 

Many 

Many 

Few 

Few 

Many 

Few 

None 

Few 

Few 

Few 

Non3 

None 

Many 

Few 

Few 

Few 

Few 

Many 

Many 

None 

None 

Many 

Many 

None 


Soy  bean  hay 

Soy  bean  roots 

Canada  field  pea  hay 

Canada  field  pea  roots 

Sandy  soil 

Muck 

Sawdust 

Wheat  bran 

Wheat  middlings. 

Corn  meal 

Ground  field  peas 

Compost 

Partly  decomposed  cow  feces . 

Fresh  cow  feces 

Controls 

Controls 

Controls 

Controls 

Controls 


None 
Few 
Few 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
None 
None 
None 
None 
None 


None 
Few 
Few 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
None 
None 
None 
None 
None 


None 
Few 
Few 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
Many 
None 
None 
None 
None 
None 
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As  far  as  could  be  ascertained  by  these  results,  there  was  no  reduction 
in  the  infecting  power  of  the  organisms  when  they  were  propagated  and 
kept  on  the  above  media  for  three  weeks.  When  these  results  are  com- 
pared with  the  data  in  tables  9  and  10,  it  is  seen  that  those  cultures  in 
which  no  visible  growth  took  place  produced  either  no  inoculation  or  very 
poor  inoculation,  and  that  the  cultures  in  which  the  organisms  multiplied 
produced  good  inoculation. 

Second  test  of  infecting  power  {table  12) 

In  this  test  the  cultures  were  ten  weeks  old.  The  exact  number  of 
nodules  on  each  plant  was  counted,  and  from  these  figures  calculations 
were  made  of  (1)  the  total  number  of  nodules  in  each  flowerpot,  (2)  the 
average  nimiber  of  nodules  per  plant  in  each  flowerpot,  and  (3)  the  average 
number  of  nodules  per  plant  of  all  the  plants  inoculated  with  the  same 
culture.  It  was  hoped  that  the  averages  would  give  a  more  nearly  ac- 
curate measure  of  the  infecting  power  of  the  different  cultures.  The  data 
are  given  in  table  12.  Fifteen  plants  were  inoculated  with  each  culture, 
five  plants  being  grown  in  each  flowerpot. 

.  TABLE  12.    Infectino  Powbb  of  Cultures  Ten  Weeks  Old 


J 


ll 


-I 


Medium   334  +  2  per   cent 
cane  sugar 


Medium   334  +  2  per  cent 
cane  sugar 


I 


oS-g 


4  6 

5  12 

6  14 


4 
10 


10 

12 

2 


4 

10 

7 


II 
1-^ 


1% 

"s.g 


31 
55 


23 
53 
36 


6.2 
11.0 


4.6 

10.6 

7.2 


3t3 


8.6 


7.5 


4j  Medium  334  +  10  per  cent 
cane  sugar 


5 
10 
10 


7 

8 

15 


14 
14 
18 


12 
8 
5 


12 


50 
40 
53 


10.0 
10.0 
10.6 


10.2 
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TABLE  12  (eonlinued) 


I 


ll 


n 

•si" 


^ 


II 


•sg 


ill 


i     9 


s  8 

•S.S 

Is! 


ll 

^5 


-s-g 


Medium  334  +  20  per  oen 
cane  sugar 


10 
11 
12 


22 
26 

8 


4.4 
6.2 
1.6 


3.7 


Medium  334  +  40  per  oem 
cane  sugar 


13 
14 
15 


11 

18 

8 


5.. 
16^. 
8       6 


Medium  334  +  2  per  cen 
dextrose 


16 
17 
18 


0 

10 

4 


15 

14 

4 


lo; 

7.. 
6.. 


33 
54 
33 


8.2 

13.5 

6.6 


48 
43 
22 


9.6 

10.7 

5.5 


9.2 


8.7 


Medium  334  +  2  per  oeni 
lactose 


19 
20 
21 


10    Medium  334  +  2  per  oeni 
galactose 


22 
23 
24 


5 

10 
8 


7 
16 
10 


12    Medium  334  +  2  per  oeni 
glycerin 


29 
30 


3 
15 


16 
20 


14 


14     14 
10.. 


2.2 
1.8 
2.2 


20 
41 
56 


6.7 
JO. 2 
11.2 


49 
60 


9.8 
15.0 


2.1 


9.7 


12.1 


13    Medium  334  +  0.5  per  ceni 
potassium  oxalate 


31 
32 
33 


0 


14    Medium  334  +  0.2  per  oeni 
phloroglucin 


34 
35 


5     15 


0 

2.2 
0 


3 

0 

26 


0.7 

0 

5.2 


0.6 


2.2 


15 


Medium  334  +  0.5  per  ceni 
resorcin 


37 
38 


8... 
6... 
0       0 


16 


Medium  334  -{-  1   per  oen 
salicin 


40 
41 
42 


17    Medium  334  +  0.5  per  oem 
amygdalin 


43 
44 
45 


0 
10 
14 


8 
15 
20 


14 
24 
10 


2 
15 


16 
8 


23 

11 

0 


5.7 

2.7 
0 


9 

27 

6 


1.8 
5.4 
1.6 


40 
72 
44 


8.0 
14.4 
14.7 


2.6 


3.0 


12.0 
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TABLE  12  (corUinuei) 

•s 

1 

n 

P 

•3 
1 

If 

Number  of 
nodules  on 
each  plant 

P 

Average  number  of  nod- 
ules per  plant  in  each 
flowerpot 

Average  number  of  nod- 
ules   per    plant    pro- 
duced by  the  culture 

|l 

•413 

CO 

1 

1 

to 

18 

Medium  334  -f-  0.1  per  cent 
asparagin 

46 
47 
48 

16 

10 

6 

10 

6 

8 

12 

18 

10 

2 

10 

io 

60 
33 
30 

12.0 
8.2 
6.0 

8.8 

19 

Medium  334  -|-  0.1  per  cent 
potassium  nitrate 

49 
50 
51 

7 
12 
13 

3 

5 

15 

10 
6 
0 

12 
0 
0 

15 
0 
5 

47 
23 
33 

9.4 
4.6 
6.6 

6.9 

20 

Medium  334  -f-  0.2  per  cent 
potajBsium  nitrate 

52 
53 
54 

2 

1 
0 

2 

6 

8 

1 

9 

12 

8 

10 

1 
10 

29 
30 
21 

5.8 
6.0 
4.2 

5.3 

21 

Medium  334  +  0.6  per  cent 
potajBsium  nitrate 

55 
56 
57 

10 
13 
12 

16 

16 

0 

10 
2 
5 

18 

30 

2 

2 
"12 

56 
61 
31 

11.2 

15.2 

6.2 

10.6 

22 

Medium  334  -h  0.1  per  cent 
calcium  nitrate 

58 
59 
60 

3 
6 

8 

2 
6 
0 

5 

3 

14 

10 

10 

5 

8 

8 

12 

28 
33 
39 

5.6 
6.6 

7.8 

6.7 

23 

Medium  334  -f  0.2  per  cent 
calcium  nitrate 

61 
62 
63 

12 

6 

16 

12 

6 

12 

10 
20 
20 

5 

18 
8 

14 
22 
16 

53 
72 
72 

10.6 
14.4 
14.4 

13.1 

24 

Medium  334  -f  0.6  per  cent 
calcium  nitrate 

64 
65 
66 

12 
3 
0 

4 
2 
0 

3 

7 
6 

0 

7 
10 

10 
9 
5 

29 
28 
21 

5.8 
5.6 
4.2 

6.2 

25 

Medium  334  +  0.5  per  cent 
potassium  citrate 

67 
68 
69 

4 
0 
0 

2 
0 
0 

3 
0 
0 

1 
0 
0 

■'6 

0 

10 
0 
0 

2.5 
0 
0 

0.7 

26 

Medium  334  -|-  0.2  per  cent 
Merck's  peptone 

70 
71 
72 

4 
0 
0 

7 
2 
0 

8 
5 
5 

4 
5 

7 

4 

"io 

27 
12 
22 

5.4 
3.0 
4.4 

4.4 

27 

Medium  334  -{-  1  per  cent 
Merck's  peptone 

73 

74 
75 

0 
20 

7 

2 
7 

8 

8 
0 
0 

7 
0 
12 

14 
8 
2 

31 
36 
29 

6.2 
7.0 

5.8 

6.3 

28 

Medium  334  +  1  per  cent 
Witte'8  peptone 

76 
77 
78 

14 
14 

5 

0 
35 
30 

10 
20 
25 

0 
30 

7 

15 

39 
99 
67 

7.8 
24.7 
16.7 

15.8 

Digitized  by  VjOOQ IC 


J 


56 


Martin  J.  Prucha 


TABLE  12  {cavUinved) 


I 


I 


**"  d 
o  o| 

111 


s 

i 

II 


1= 


I 


^-g 


29    Medium  334  +  2  per  cent 
Witte's  peptone 


79 
80 
81 


6 
10 


1.2 
2.0 
1.5 


1.6 


30 


Medium   334  +  5  per  cent 
Witte'a  peptone 


82 
83 
84 


31 


Medium   3;i4  4-  o   per  cent 
gelatin 


85 
86 
87 


0 
6 


0 

1.2 

0 


14 

8 

18 


16 

10 

5 


35 
16 
10 


34 

6 

25 


109 
42 

58 


21.8 

8.4 

11.6 


0.4 


13.9 


32 


Soy  bean  roots,  ground 


88 
89 
90 


0.6 
2.0 
0.4 


0.9 


33 


Soy  bean  hay,  ground 


91 
92 
93 


34    Canada     field     pea    roots, 
ground 


94 
95 
96 


0 
10 
20 


8 

12 

8 


6 

10 

4 


19 
46 
40 


3.8 
9.2 
8.0 


35 


Canada  field  pea  hay,  ground 


97 
98 

99 


12 
0 
0 


36 


Sawdust 


100 
101 
102 


8l.. 
2       1 
0       0 


27 

10 

0 


6.7 
2.0 
0 


1 

23 

0 


0.2 
4.6 
0 


2.6 


1.6 


37 


38 


Com  meal 


103 
104 
105 


0 
0 
0.2 


0.1 


Cornstarch 


106  2 

107  18 
108l      7 


39 


Wheat  bran 


109      18 
110,      8 

nil.: 


16 

20 


36! 
38 
65 


8! 
8| 


40 
46 


7.2 

9.5 

13.0 

8.0 
9.2 


9.9 


8.0 
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TABLE  12  (concluded) 

II 

•s|  ■ 
as. 

•0 

i 

a 

umber  of 
nodules  on 
each  plant 

s 

h 

n 

iber  of  nod- 
plant    pro- 
file culture 

^ 

If 
1^ 

^ 

£  0 
1-9 

verage  nun 
ules  per  pi 
flowerpot 

verage  nuir 
ules    per 
duced  by  1 

S  •*» 
"3  ** 

»-^ 

CM 

CO 

1 

1 

3 

^3 

^ 

(^ 

s 

^ 

H 

< 

< 

40 

Wheat  middlings 

112 

6 

18 

20 

4 

10 

58 

11.6 

113 

20 

12 

5 

6 

10 

53 

10.6 

9.8 

114 

12 

0 

7 

3 

14 

36 

7.2 

41 

Compost 

115 

16 

3 

0 

0 

19|      4.7 

116 

12 

4 

15 

8 

6 

39i      7.8 

8.4 

117 

10 

14 

12 

16 

» 

60,     12.0 

42 

Partly  decomposed  cow  feces 

118 

5 

6 

7 

5 

10 

33       6.6 

119 

6 

3 

14 

8 

12 

43       8.6 

7.4 

120 

8 

6 

3 

4 

14 

35       7.0 

43 

Fresh  cow  feces 

121 

0 

0 

7 

0 

7       1.7 

122 

3 

7 

20 

5 

12 

47       9.4 

8.4 

123 

20 

10 

12 

12 

10 

64     12.8 

44 

Muck 

124 

10 

8 

10 

12 

10 

50|     10.0 

125 

6 

6 

5 

9 

0 

26l      5.2 

7.1 

126 

3 

12,      8 

3 

^ 

31 

6.2 

45;  Sandy  soil 

127 

22 

14'     16 

0 

5 

57 

11.4 

128 

10 

0,      8 

4 

6 

28 

5.6 

8.5 

129 

........ 

.... 

46i  Controls 

130 

0 

0,      0 

0 

0 

0 

0 

131 

0 

0      0 

0 

0 

0 

0 

0.2 

132 

0 

3;     0 

0 

0 

3 

0.6 

47,  Controls 

133 
134 

0 
0 

0      0 
0       0 

0 
0 

0 
0 

0 

0 

135 

0 

0 

0 

0 

» 

0 

0 

The  average  numbers  of  nodules  per  plant  for  all  the  plants  inoculated 
with  each  of  the  given  cultures  appear  in  the  last  column  in  table  12.  In 
table  13  these  numbers  are  rearranged  in  numerical  order  according  to 
the  average  number  of  nodules  per  plant  produced  by  each  culture: 
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TABLE  13. 


AVESAOE   NniCBER  OF  NoDULES  PER  PlANT  IN  SeOOND  TeST,   ArRANQED  IN 

Numerical  Order 


Medium 


Organisms 

living  or 

not  living* 


Number 

of 

nodules 

per  plant 


Medium  334  +  1  per  cent  Witte's  peptone 

Medium  334  +  5  per  cent  gelatin 

Medium  334  +  0.2  per  cent  calcium  nitrate. . . 

Medium  334  +  2  per  cent  glycerin 

Medium  334  +  0.5  pet  cent  amygdalin 

Medium  334  +  0.6  per  cent  potassium  nitrate. 

Medium  334  +  10  per  cent  cane  sugar 

Cornstarch 

Wheat  middlings 

Medium  334  +  2  per  cent  galactose 

Medium  334  +  40  per  cent  cane  sugar 

Medium  334  +  0.1  per  cent  asparagin 

Medium  334  +  2  per  cent  dextrose 

Medium  334  +  2  per  cent  cane  sugar 

Wheat  bran 

Sandy  soil 

Compost 

Fresh  cow  feces 

Medium  334  -|-  2  per  cent  cane  sugar 

Partly  decomposed  cow  feces 

Muck 

Canada  field  pea  roots 

Medium  334  +  0.1  per  cent  potassium  nitrate. 
Medium  334  +  0.1  per  cent  calcium  nitrate. . . 
Medium  334  +  1  per  cent  Merck's  peptone . . . 
Medium  334  +  0.2  per  cent  potassium  nitrate. 
Medium  334  +  0.6  per  cent  calcium  nitrate.  . . 
Medium  334  +  0.2  per  cent  Merck's  peptone. . 

Medium  334  +  20  per  cent  cane  sugar 

Medium  334  +  1  per  cent  salicin 

Medium  334  +  0.5  per  cent  resorcin 

Canada  field  pea  hay 

Medium  334  +  0.2  per  cent  phloroglucin 

Medium  334  +  2  per  cent  lactose 

Sawdust 

Medium  334  +  2  per  cent  Witte's  peptone 

Soy  bean  roots 

Medium  334  +  0.5  per  cent  potassium  citrate . . 
Medium  334  +  0.5  per  cent  potassium  oxalate. 

Medium  334  +  5  per  cent  Witte's  peptone 

Controls  (not  inoculated) 

Corn  meal  (culture  contaminated) 

Controls  (not  inoculated) 

Soy  bean  hay 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 
0 
0 
0 

+ 
+ 

0 
0 
0 
0 
0 
0 
0 
0 
0 


15.8 
13.9 
13.1 
12.1 
12.0 
10.6 
10.2 
9.9 
9.8 
9.7 
9.2 
8.8 
8.7 
8.6 
8.6 
8.5 
8.4 
8.4 
7.5 
7.4 
7.1 
7.0 
6.9 
6.7 
6.3 
5.3 
5  2 
4.4 
3.7 
3.0 
2.6 
2.6 
2.2 
2.1 
1.6 
1.6 
0.9 
0.7 
0.6 


*  +  indicatos  living  organisms;  0  indlcitos  no  living  organisms. 


Digitized  by  VjOOQ IC 


Studies  of  Bacillus  Radicicola  op  Canada  Field  Pea 


59 


In  making  any  deductions  from  the  preceding  data,  it  must  be  remem- 
bered that  the  plants  in  this  and  in  the  other  experiments  were  grown 
under  special  conditions.  If  the  number  of  nodules  on  the  plants  in  this 
experiment  were  dependent  only  on  the  degree  of  infecting  power  of  the 
organism,  an  excellent  illustration  of  variation  in  the  infecting  power 
would  here  be  shown.  This  variation  would,  in  this  case,  be  due  to  the 
nature  of  the  medium  in  which  the  organism  was  propagated. 

That  the  number  of  nodules  on  a  plant  may  be  influenced  by  other 
factors  than  the  infecting  power  of  the  organism  has  been  shown  in  Part 
II  of  this  paper,  and  also  by  experiments  of  other  investigators.  But 
the  part  that  such  other  factors  have  played  in  this  second  test  must  be 
only  a  conjecture. 

In  order  that  a  nodule  may  be  produced,  it  is  necessary  that  at  least 
one  organism  shall  come  in  contact  with  the  root,  that  it  shall  enter  the 
tissue  of  the  root,  and  that  it  shall  multiply  inside  the  tissue.  At  least 
six  factors  can  be  mentioned  which  may  have  been  of  some  importance 
in  this  experiment  in  bringing  about  this  result: 

1.  The  distribution  of  the  organisms  through  the  entire  volume  of  the  soil 
in  each  flowerpot, — ^The  plant  roots  grow  rapidly  during  the  first  three 
weeks  after  planting,  and  unless  the  organisms  are  evenly  distributed 
through  the  soil  a  variation  in  the  number  of  nodules  might  result  if  the 
plants  are  not  allowed  to  grow  for  more  than  three  weeks.  Watering 
would  tend  to  bring  about  an  even  distribution.  All  the  flowerpots  were 
watered  twice  each  week,  but  the  amount  of  water  introduced  into  each 
pot  was  not  measured  —  although  it  was  uniformly  constant  —  and  be- 
cause of  this  the  distribution  of  the  organisms  throughout  the  soil  may 
not  have  been  imiform  in  all  the  flowerpots  during  the  first  two  weeks. 

2.  The  number  of  organisms  introduced  into  the  different  flowerpots  at  the 
time  of  inoculation, — ^There  is  no  available  evidence  to  show  how  important 
this  factor  may  be.  That  it  may  have  exercised  some  influence  seems 
highly  probable.  Reference  to  table  10  shows  that  there  was  a  very 
great  difference  in  the  total  number  of  organisms  in  the  various  cultures, 
and  ccmsequently  the  flowerpots  inoculated  with  these  cultures  did  not 
receive  the  same  number  of  organisms. 

3.  MvUiplicaiion  of  the  organisms  in  the  soil  after  inoadaiinn. — Bacillus 
radicicola  multiplies  readily  in  the  sterilized  soil  that  was  used  for  growing 
the  plants.    This  does  influence  the  total  number  and  the  distribution 
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of  the  organisms  in  the  soil.  Moreover,  if  the  infecting  power  of  the 
organism  were  easily  aflFected  by  the  mediimi,  it  would  be  easily  affected 
by  the  soil  into  which  the  organisms  were  introduced  at  the  time  of  in- 
oculation. The  result  would  be  that  in  course  of  time  the  infecting  power 
of  the  different  organisms,  although  different  at  the  beginning,  would 
become  the  same  for  all  the  organisms.  If  this  is  true,  the  difficulty  in 
measuring  the  infecting  power  of  a  given  culture  is  very  evident. 

4.  Resistance  of  the  plant  against  the  invasion  of  the  organism. — ^Nothing 
is  known  of  this  in  connection  with  the  leguminous  plants  and  the  nodule- 
forming  organism.  If  such  a  character  does  exist  in  the  plants,  it  probably 
varies  in  the  different  individuals  and  would  influence  the  number  of 
nodules  formed. 

5.  Infection  from  other  sources  than  the  inoculating  material. 

6.  Infecting  power  of  the  organisms. 

'  It  is  evident  from  the  above  discussion  that  the  number  of  nodules  on 
plants  may  be  the  result  of  several  factors  operating  simultaneously,  and 
that  it  would  be  a  difficult  matter  to  determine  their  influence  singly. 
The  number  of  nodules,  therefore,  is  not  an  accurate  measure  of  the  in- 
fecting power  of  the  different  cultures.  Unfortunately,  however,  no  other 
measure  is  available.  In  interpreting  the  above  data,  therefore,  the 
limitations  in  the  accuracy  of  the  method  must  be  borne  in  mind. 

Comparing  the  data  in  table  13-  with  those  in  table  10,  a  close  relation 
may  be  observed  between  the  condition  of  the  cultures  when  ten  weeks  old 
and  the  number  of  nodules  on  the  plants  inoculated  with  these  cultures. 
The  following  cultures  had  no  living  organisms: 

Medium  334  +  2  per  cent  Witte's  peptone 

Medium  334  +  5  per  cent  Witte's  peptone 

Medium  334  4-  0.5  per  cent  resorcin 

Medium  334  4-  1  per  cent  salicin 

Medium  334  4-  0.5  per  cent  potassium  oxalate 

Medium  334  4-  0.5  per  cent  potassium  citrate 

Medium  334  4-  0.2  per  cent  phloroglucin  (few  organisms) 

Soy  bean  hay 

Soy  bean  roots 

Canada  field  pea  hay 

Com  meal 

Reference  to  table  13  shows  that  the  plants  inoculated  with  these  cultures 
produced  three  nodules  or  less  per  plant.    Whether  the  few  nodules  found 
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resulted  from  contamination  or  from  a  few  surviving  organisms  not  de- 
tected by  the  plating  can  only  be  conjectured.  The  remaining  cultures 
all  produced  good  inoculation,  with  the  exception  of  the  sawdust  and 
the  lactose  culture,  the  average  number  of  nodules  per  plant  varying 
between  3.7  and  15.8.  To  what  extent  this  variation  in  the  number 
of  nodules  is  due  to  the  infecting  power  of  the  different  cultures 
it  is  diflScult  to  say  with  certainty;  but  that  a  part  of  the  variation 
is  due  to  other  causes  is  evident  from  the  data  in  the  next  to  the  last 
column  in  table  12.  In  this  colxunn  the  figures  represent  the  average 
number  of  nodules  per  plant  for  every  flowerpot.  Since  three  flowerpots 
were  inoculated  with  each  culture,  the  extent  of  variation  in  the  nimiber  of 
nodules  in  these  pots  must  be  due  to  other  causes  than  the  infecting 
power.  A  number  of  the  more  pronounced  cases  of  variation  in  the 
number  of  nodules  in  the  three  respective  flowerpots  which  were  inoculated 
by  the  same  culture  are  shown  in  table  14: 


TABLE  14.    Variation  in  Averaqe  Numbbb  of  Nodules  in  Some  of  the  Flowerpots 


Inoculated  with  culture  number 

Average  number  of  nodules  in 

Flowerpot  1 

Flowerpot  2 

Flowerpot  3 

28 

24.7 
21.8 
15.2 
14.7 
13.5 
13.0 
12.8 
12.0 
12.0 
11.4 
11.0 
10.7 
10.6 
10.0 
9.2 
5.2 

7.8 
8.4 
6.2 
8.0 
6.6 
7.2 
1.7 
6.0 
4.7 
6.6 
6.2 
5.5 
4.6 
5.2 
3.8 
1.6 

16.7 

31 

11.6 

21 

11.2 

17 

14.4 

7 

8.2 

38:::::::::::::::::::::::::::::::::::::::::: 

9.5 

43 

9.4 

18 

8.2 

41 

7.8 

45 

1 

8 

9.6 

2 

7.2 

44 

6.2 

34 

8.0 

6 

4.4 

The  three  flowerpots  inoculated  with  culture  43  had  12.8,  1.7,  and  9.4 
nodules  per  plant,  respectively.  A  similar  relation  exists  between  the 
other  flowerpots  considered  in  table  14.  If  the  eflSciency  of  these  cultures 
were  baaed  on  the  number  of  nodules  per  plant,  culture  43,  for  example, 
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would  be  either  very  efficient  or  much  reduced  in  infecting  power,  depend- 
ing on  which  flowerpot  was  taken. 

It  seems  apparent,  from  the  preceding  discussion,  that  it  is  extremely 
difficult  to  measure  any  variations  in  the  infecting  power  of  different 
cultures.  When  the  great  danger  of  infection  of  plants  grown  in  sterile 
soil  but  not  under  sterile  conditions  is  considered,  and  also  the  number 
of  other  factors  that  may  affect  nodule  development  on  plants,  not  many 
clear-cut  conclusions  can  be  drawn  from  the  second  test.  If  the  infecting 
power  is  measured  by  the  number  of  nodules,  by  their  size,  by  the  uni- 
formity of  their  distribution,  and  by  their  location,  the  following  con- 
clusions seem  reasonable: 

1.  The  cultures  producing  more  than  three  nodules  per  plant  are  all 
efficient. 

2.  If  one  culture  produced  3.7  nodules  per  plant  and  another  culture 
produced  15.8  nodules  per  plant,  the  belief  that  the  latter  culture  possesses 
greater  infecting  power  than  the  former  is  not  justified. 

3.  Some  cultures  produced  lio  nodules,  or  only  a  few  nodules  confined 
to  only  one  or  two  plants.  Such  cultures  unquestionably  lost  their  effi- 
ciency, but  this  loss  of  efficiency  was  parallel  with  the  condition  of  the 
cultures.  When  no  living  organisms  were  found  in  a  culture  by  using  the 
plate  method,  such  a  culture  produced  no  inoculation;  and  when  living 
organisms  were  found,  inoculation  was  produced. 

4.  Propagating  and  keeping  B,  radicicola  of  Canada  field  pea  for  ten 
weeks  on  media  rich  in  nitrogenous  matter,  such  as  wheat  bran,  wheat 
middlings,  fresh  cow  feces,  and  pota^um  and  calcium  nitrates,  did  not 
destroy  the  infecting  power  of  the  organism.  If  any  injury  to  infecting 
power  was  caused  by  these  substances,  it  could  not  be  detected  by  the 
methods  used  in  this  experiment. 

Third  test  of  infecting  power  (table  IS) 

Cultures  twenty  weeks  old  were  employed  in  this  experiment.  In 
inoculating  the  plants  a  known  number  of  organisms  was  introduced  into 
each  flowerpot.  By  correlating  the  relation  between  the  number  of  or- 
ganisms used  for  the  inoculation  of  each  flowerpot  and  the  number  of 
nodules  on  the  plants,  it  was  hoped  to  find  a  more  nearly  exact  measure 
of  the  infecting  power  of  the  organisms  propagated  in  the  different  media. 
The  results  are  summarissed  in  table  15: 
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TABLE  15. 
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In  this  test  a  known  number  of  organisms  was  introduced  into  each 
flowerpot  at  the  time  of  inoculation,  in  order  to  trace  the  relation  between 
the  number  of  nodules  developed  and  the  number  of  organisms  used  for 
inoculation.  It  was  hoped  that  in  this  way  some  meai^  might  be  found 
of  measuring  not  only  the  loss,  but  also  the  degree,  of  infecting  power. 
From  the  data  in  table  15  it  is  seen  that  absolutely  no  relation  exists 
between  the  number  of  organisms  introduced  into  the  flowerpots  and  the 
number  of  nodules  that  developed,  so  that  the  only  measure  of  infecting 
power  is  the  presence  or  the  absence  of  nodules.  This,  however,  does  not 
measure  the  degree  of  infecting  power,  but  only  its  presence  or  absence. 

The  average  number  of  nodules  per  plant  produced  by  each  culture,  as 
shown  in  table  15,  are  rearranged  in  numerical  order  in  table  16.  It  is 
found  on  comparing  tables  13  and  16  that  the  results  of  the  third  test  of 
infecting  power  show  a  general  agreement  with  the  results  of  the  second  test. 

If  it  is  considered  that  the  presence  of  three  or  more  nodules  per  plant 
indicates  that  the  culture  was  efl&cient,  the  following  cultures  are  seen  to 
have  lost  their  eflSciency: 

Soy  bean  hay 
Soy  bean  roots 
Canada  field  pea  hay 
Canada  field  pea  roots 
Medium  334  +  10  per  cent  cane  sugar 
Medium  334  +  40  per  cent  cane  sugar 
Medium  334  +  0.2  per  cent  phloroglucin 
Medium  334  +  1  per  cent  saJicin 
Medium  334  4-  0.5  per  cent  amygdalin 
Medium  334  +  0.5  per  cent  resorcin 
Medium  334  +  0.5  per  cent  potassium  oxalate 
Medium  334  4-  5  per  cent  Witte's  peptone 

The  cultures  that  had  any  living  organisms  at  the  time  of  inoculation 
produced  nodules  practically  in  all  cases  in  the  three  tests.  The  cultures  in 
which  no  living  organisms  were  found  produced  no  nodules,  or  only  a  few 
unevenly  distributed.  It  must  be  remembered  that  a  certain  amount  of 
contamination  may  occur,  and  that  the  method  of  determining  the  presence 
of  living  organisms  by  plate  cultures  is  not  absolutely  accurate.  The  cul- 
tures in  this  test  were  ten  weeks  older  than  those  in  the  second  test.  The 
results  show  that  the  nodule-bacteria  cultures  can  be  kept  for  at  least 
twenty  weeks,  and  the  bacteria  will  still  be  eflident  in  producing  nodules. 
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TABLE  16.    AvxBAoa  Nuicbsb  of  Nodxtlbs  psr  Plant  in  Thibd  Test,  Abranoso  in 

Numerical  Order 


Medium 


Organisma 

Number  of 

living  or 

nodules 

not  living* 

per  plant 

+ 

12.3 

-h 

12.0 

+ 

10.5 

-h 

10.0 

+ 

9.8 

+ 

9.5 

+ 

9.5 

+ 

9.4 

+ 

9.4 

-h 

9.2 

-h 

9.1 

-h 

9.1 

+ 

8.6 

+ 

8.3 

+ 

7.9 

+ 

7.6 

-h 

7.5 

+ 

7.3 

.      + 

6.7 

+ 

6.7 

-h 

6.6 

+ 

6.6 

+ 

5.9 

+ 

5.9 

-h 

5.3 

-h 

4.8 

+ 

4.5  ' 

+ 

4.4 

+ 

3.9 

-h 

3.5 

-h 

3.1 

+ 

3.0 

0 

1.6 

+ 

1.4 

0 

0.3 

0 

0.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sandy  soil 

Wheat  middlings 

Medium  334  +  2  per  cent  glycerin 

Medium  334  +  0.1  per  cent  aspai^agin 

Wheat  bran 

Medium  334  +  1  per  cent  Merck's  peptone. . . 
Medimn  334  4-0.1  per  cent  potassium  nitrate. 
Medium  334  4-  1  per  oei;it  Witte's  peptone  — 

Fresh  cow  feces 

Medium  334  +  0.6  per  cent  calcium  nitrate. . . 

Cornstarch 

Medium  334  -h  0.5  per  cent  potassium  citrate. 
Medium  334  4-  0.2  per  cent  calcium  nitrate. . . 

Partly  decomposed  cow  feces 

Medium  334  +  2  per  cent  Witte's  peptone ... 

Medium  334  4-  2  per  cent  mannite 

Com  meal 

Compost 

Medium  334  +  0.1  per  cent  calcium  nitrate. . . 
Medium  334  4*  0.6  per  cent  potassium  nitrate. 

Medium  334  4-  5  per  cent  gelatin 

Sawdust 

Medium  334  +  2  per  cent  galactose 

Medium  334  4-  0.2  per  cent  Merck's  peptone . 

Medium  334  4*  2  per  cent  lactose 

Medium  334  4*  2  per  cent  cane  sugar 

Medium  334  4-  2  per  cent  cane  sugar 

Medium  334  4-  2  per  cent  dextrose 

Medium  334  4-  0.2  per  cent  potassium  nitrate 

Muck 

Medium  334  +  10  per  cent  cane  sugar 

Medium  334  +  20  per  cent  cane  sugar 

Medium  334  4-  0.2  per  cent  phloroglucin 

Medium  334  4- 10  per  cent  cane  sugar 

Medium  334  4*  0.5  per  cent  potassium  oxalate 
Medium  334  4-  5  per  cent  Witte's  peptone — 

Medium  334  +  40  per  cent  cane  sugar 

Medium  334  4-  0.5  per  cent  resorcin 

Medium  334  +  1  per  cent  salicin 

Medium  334  4*  0.5  per  cent  amygdaUn 

Canada  field  pea  hay 

Canada  field  pea  roots 

Soy  bean  hay 

Soy  bean  roots 


«  +  indicates  living  oiganiims;  0  indicates  no  living  organisms. 
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EXPERIMENT   13 
INFLUENCE  OF  MEDIA   300,   310,   335,   AND  400 

The  organism  used  for  this  experiment  was  propagated  on  medimn  335, 
and  had  been  kept  in  the  laboratory  for  two  years  and  three  months, 
where  it  was  exposed  to  diffused  light  and  transfers  had  been  made  at 
intervals.  When  the  experiment  was  started  the  organism  readily  produced 
nodules  on  the  plants,  showing  that  its  infecting  power  had  not  been  lost. 

The  plan  of  the  experiment  was  to  propagate  the  organism  on  both 
the  nitrogen-free  and  the  nitrogenous  media  for  a  period  of  time,  and  then 
to  test  these  cultures  for  nodule  production.  The  following  procedure 
was  adopted:  Media  300,  310,  335,  and  400  were  introduced  into  test 
tubes,  sterilized,  and  sloped.  Four  slopes  from  each  of  these  media  were 
inoculated  with  the  same  culture  of  the  organism.  A  few  days  later  a 
second  set  of  four  slopes  from  each  medium  was  inoculated,  and  so  on. 
Nine  such  sets  of  agar  slopes  from  each  of  the  four  media  were  inoculated 
in  one  himdred  and  fifteen  days.  The  four  agar  slopes  of  the  same  medium 
in  each  set  were  inoculated  from  one  of  the  four  slopes  of  the  same  medium 
from  the  previous  set,  so  that  on  all  the  slopes  of  the  same  medium  in 
the  nine  sets  the  organism  was  under  the  influence  of  the  same  media  for 
one  hundred  and  fifteen  days.  The  age  of  the  agar  slopes,  however, 
differed  in  the  respective  sets.  When  the  ninth  set  was  inoculated,  four 
additional  tubes  of  media  300,  310,  and  400  were  inoculated  with  a  culture 
of  the  organism  which  up  to  that  time  had  been  propagated  on  nitrogen- 
free  medium  335.  These  test-tube  cultures  are  designated  in  table  17 
as  set  X.  They  were  fifteen  days  old  and  had  been  under  the  influence 
of  nitrogenous  media  for  only  fifteen  days  when  tested  for  infecting  power. 
In  order  to  prevent  the  effects  of  drying,  melted  paraflSn  was  poured  on 
the  cotton  plugs  after  a  good  growth  had  developed.  All  the  cultures 
were  kept  at  room  temperature. 

The  infecting  power  of  these  agar-slope  cultures  was  tested  by  inoculating 
Canada  field  peas.  The  method  of  growing  and  examining  the  plants  was 
the  same  as  in  experiment  12.  In  inoculating  the  plants,  the  growth  from 
each  agar  slope  was  introduced  into  100  cubic  centimeters  of  sterile  water, 
the  number  of  organisms  in  this  was  determined  by  the  plate  method,  and  a 
definite  quantity  of  this  infusion  was  poured  over  the  seeds  in  each  flowerpot. 

Unfortunately,  an  accident  happened  to  a  large  number  of  the  flowerpots 
in  the  greenhouBe,  and  consequently  the  data  are  not  complete.  As  far 
as  they  could  be  obtained,  they  are  summarized  in  table  17: 
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TABLE  17.    Influence  op  Media  300,  310,  335,  and  400 


1; 
V 

1 
0 

2 

i 

1 

it 
1 

11 

Hi 

.a 

V 
I 

If 

1I 
n 

< 

n 

!i 
It 

< 

*>  c 

a 

11 

^ 

1 

eo 

1 

^ 
■g 

10 

CO 

1 

1 
1' 

335 

115 

1 
2 
3 

0 

13 
25 

6 
15 
16 

14 
12 

2 

7 
7 

6 
8 

6 

39 
55 
43 

6.5 
11.0 
14.3! 

9.8 

300,000,000 

1 

300 

115] 

4 
6 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

0 

0 
0 
0 

0     ll 

0     '           0 

0     i 

0 

11           6 

3 

^ 

115 

7 
8 
9 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

I 

8 

0 

0 
0 
0 

0 

0               0 

0      1 

0 

1 

II 

335 

110) 

10 
11 
12 

12 
6 

13 
8 

1 

i 

5 
5 

"2 

46 
34 

9.2' 

5.7| 

7.3 

350,0C0.000 

I 
5 

II 

300 

110 

13 
14 
15 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 
0 

0 
0 

0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

6' 

1 

II 

400 

110 

.    16 
17 
18 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
6 

"4 

0 
4 
6 

0 

0.7 

I.2I 

■    ■     1 

0.6 

0 

7I 
1 

III 

335 

105 

19 
20 
21 

8 
9 
8 

9 
20 
10 

12 
6 
7 

20 
7 

8 

14 
4 
0 

.... 

63 
46 
33 

12.6 
9.2 
6.6 

9.5 

360,000,000 

8 

III 

300 

105 

22 

'     23 

24 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0     i) 

0     ,           0 

0     ,1 

0 

9 

III 

400 

105 

25 
20 
27 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0       ] 

0     '           0 

0     1 

0 

10 

III 

.310 

105 

28 
29 
30 

12 
14 

7 

5 
16 
10 

15 

I 

4 
18 
12 

10 

S 

15 
13 

61 
75 
35 

10.2 

12.5          10.7 
8.7i 

144.000.000 

IV 

400 

98 

31 
32 
33 

0 

2 

0 

0 

2 

0.5 

0.5 

11 

90,000 

::::'::::i:::: 

12 

VI 

33S 

81 

34 
35 
36 

13 
4 
14 

1 

2 

10 

4 

14 
6 

17 
8 
0 

e:.... 

2'       5 

81       3 

41 
35 
41 

8.2 

5.8, 
6.8; 

6.9 

180.000.000 

13 

VI 

^ 

81 

37 
38 
39 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

■    ■ '         '   ' 

14 

1 

VI 

400 

f ;      40 

81     1         41 
11         42 

10 

i2 

11 
20 
10 

12 

6 
6 

7 
7 
6 

0  .  ... 
131       8 

1 

40 
54 
34 

8.0   1 

9.0            8.5 

8.5   ! 

1.000,000 

VI 

310 

(1         43 

81'            44 

45 

20 

15 

8 

0 

1 

43 

10.7   \ 

15 

10.7 

540.000.000 

1 

;:::;:::i::::i::;: 
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TABLE  17  (concluded) 

1 

1 

"8 

i 

1 

■8 

1 

iz; 

1 

§] 
11 

•Si 

F 

1 

•8 

1 

11 
III 

•si 

If 

1 

If 

|1 

n 

< 

n 

n 

11 

fa 

h 

< 

ll 

1 

1 

« 

^ 

lO 

1 

Id 

VII 

335 

61 

46 
47 
48 

12 
16 
3 

0 

7 
20 

6 
15 
0 

8 
6 
6 

22 

16 
"9 

42 
64 
60 

7.0 
12.8 
10.0 

9.8 

396,000,000 

VII 

400 

61 

49 
50 
61 

2 
6 

10 
6 

4 
12 

16 
38 

6.3 
9.5 

7.7 

17 

16 

10,000.000 

18 

VII 

310 

61 

62 
63 
64 

.0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

19 

VIII 

335 

49 

65 
66 
67 

0 
8 
8 

10 

6 

10 

8 
0 
9 

9 

0 

27 
13 
34 

6.4 
4.3 
8.5 

6.2 

216.000,000 

7 

VIII 

300 

49 

68 
69 
60 

7 
6 
6 

9 

7 

13 

16 
66 
53 

8.0 
11.0 
13.2 

11.2 

20 

18 
30 

7 
4 

16 

12 

16,000,000 

21 

VIII 

400 

49 

61 
62 
63 

8 
12 

4 

0 
13 
0 

2 

4 
1 

18 

4 
6 

0 
14 
16 

28 
47 
27 

6.6 
9.4 
5.4 

6.8 

252,000.000 

VIII 

310 

49 

64 
66 
66 

0 
6 
12 

6 
10 
2 

25 
6 
0 

31 
27 
36 

10.3 
6.7 
7.2 

7.8 

27 

5 
10 

8.000,000 

12 

23 

IX 

335 

15 

67 
68 
69 

10 

4 
8 

6 
2 
14 

5 

0 
0 

2 
0 
0 

8 
4 

31 
10 
22 

6v2 
2.0 
6.6 

1        4.6 

676.000.000 

IX 

300 

16 

70 
71 
72 

12 
18 
0 

35 
0 
7 

23 
0 
0 

0 
13 
2 

70 
44 
14 

15.0 
7.3 
2.8 

8.5 

24 

6 
6 

8 

4.320.000,000 

IX 

400 

16 

73 

74 
76 

0 

10 

7 

6 

4 
18 

8 

4 

0 
2 

13 
37 
25 

3.2 
6.2 
8.3 

1        6.8 

2fi 

7 

10 

2.592.000,000 

'm 

IX 

310 

16 

76 

77 
78 

9 

8 

12 

6 
0 
8 

8 

7 
7 
15 

^ 

0 

25 
19 
55 

4.2 
4.7 

9.2 

6.2 

3,240.000,000 

0 

12 

27 

X 

300 

16 

79 
80 
81 

6 
4 
0 

0 
7 
0 

0 

30 

3 

12 

20 

3 

6 

12 

5 

23 
73 
11 

4.6 
14.6 
2.2 

7.1 

180,000.000 

28 

X 

400 

16 

82 
83 
84 

2 
5 
6 

15 
9 

2 

1 
0 

8 

6 

25 

6 

"8 
8 

33 
35 
63 

6.6 
6.8 

8.8 

1       T.l 

972,000.000 

29 

X 

310 

16 

85 
86 
87 

6 
0 
12 

0 

0 

25 

0 
0 
0 

7 
0 

7 

7 

4 
10 

24 

17 
37 

4.0 
2.8 
12.3 

6.2 

1,162,000.000 
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Remits 

The  nature  and  the  composition  of  the  four  media  used  in  experiment 
13  are  given  in  table  1,  page  11.  No  nitrogen  in  any  form  was  added  to 
medium  336.  The  other  three  media  received  0.3  per  cent  of  Liebig's 
beef  extract,  and,  in  addition  to  this,  media  300  and  310  received  1  per 
cent  and  medium  400  received  2  per  cent  of  Witte's  peptone.  Medium 
335  contained  2  per  cent  of  cane  sugar,  and  medium  310  contained  2  per 
cent  of  dextrose. 

As  seen  from  table  17,  the  age  of  the  individual  cultures  varied  between 
fifteen  days  and  one  himdred  and  fifteen  days;  but  the  organisms  in  all 
the  cultures,  except  27,  28,  and  29,  had  been  under  the  influence  of  their 
respective  media  for  one  hundred  and  fifteen  days.  Cultures  27,  28,  and 
29  were  fifteen  days  old  and  had  been  under  the  influence  of  their  respec- 
tive media  for  only  fifteen  days,  having  been  grown  previously  on  medium 
335. 

The  influence  of  these  four  media  on  the  organism  is  shown  in  table  17. 
In  order  to  bring  out  the  relations  more  clearly,  a  part  of  these  data  are 
rearranged  in  table  18: 

TABLE  18.    Intluencb  or  Aqb  or  CtxiruRSS  on  ths  Given  Media 


Culture 

Age  of 
culture 
(days) 

Average 

number 

of  nodules 

per  plant 

Number  of 

living 
organisms 
in  culture 

23 

335 
335 
335 
335 
335 
335 
335 

300 
300 
300 
300 
300 
300 

400 
400 
400 
400 

15 

40 

61 

81 

105 

110 

115 

15 

49 

81 

105 

110 

115 

15 
49 
61 
81 

4.5 
6.2 
9.8 
6.9 
9.5 
7.3 
9.8 

8.5 
11.2 
0 
0 
0 
0 

5.8 
6.8 
7.7 
8.5 

576,000,000 

19 

216,000,000 

16 

396,000,000 

12 

180,000,000 

7 

360,000,000 

4 

350,000,000 

1 

300,000,000 

24 

4,320,000,000 

20 

16,000,000 

13... 

0 

8 

0 

6 

0 

2 

0 

25 

2,592,000,000 

21 

252,000,000 

17 

10,000,000 

14 

1,000,000 
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TABLE  18  (concluded) 


Laboratory  number  of  culture 


Culture 

Age  of 
culture 
(days) 

Average 
number 

medium 

of  nodules 
per  plant 

400 

98 

0.5 

400 

105 

0 

400 

110 

0.6 

400 

115 

0 

310 

15 

6.2 

310 

49 

7.8 

310 

61 

0 

310 

81 

10.7 

310 

105 

10.7 

300 

15 

7.1 

400 

15 

7.1 

310 

15 

5.2 

Number  of 

living 
organisms 
in  c'jlture 


11 
9 
6 
3 

26 
22 
18 
15 
10 

27 
28 


90,000 
0 
0 
0 

3,240,000,000 

8,000,000 

0 

540,000,000 

144,000,000 

180,000,000 

972,000,000 

1,152,000,000 


The  organism  had  been  propagated  and  kept  on  medium  335,  a  non- 
nitrogenous  medium,  for  over  two  years  before  this  experiment  was  started. 
Several  tests  of  infecting  power  were  made  during  that  time.  This  me- 
diimi  was  used  also  in  experiment  12.  As  far  as  could  be  judged  by  all 
these  tests,  the  infecting  power  of  the  organism  remained  constant  when 
propagated  and  kept  on  this  medium.  Therefore  the  results  shown  in 
experiment  13  as  to  the  infecting  power  of  the  cultures  on  medium  335 
are  taken  to  represent  the  normal  infecting  power  of  the  organism,  and 
serve  as  a  basis  for  comparison  of  the  infecting  power  of  the  cultures  on 
the  other  media. 

Of  the  seven  cultures  on  medium  300,  a  nitrogenous  medium,  three 
cultures  —  namely,  20,  24,  and  27  —  produced  nodules.  Cultures  24  and 
27  were  fifteen  days  old  and  culture  20  was  forty-nine  days  old.  The 
organisms  in  cultures  20  and  24  were  under  the  influence  of  medium  300 
for  one  hundred  and  fifteen  days,  and  culture  27  for  only  fifteen  days. 
These  three  cultures  appeared  as  effective  as  those  on  medium  335.  The 
remaining  cultures  on  medium  300  were  from  eighty-one  to  one  hundred 
and  fifteen  days  old  and  did  not  produce  any  nodules,  apparently  having 
lost  their  power  of  infection. 

Similar  results  were  obtained  with  the  nitrogenous  medium  400.     Of 
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the  nine  cultures  on  this  medium,  five  produced  nodules,  two  were  doubtful, 
and  two  produced  no  nodules.  Culture  28  was  fifteen  days  old  and  had 
been  under  the  influence  of  this  medium  for  only  fifteen  days;  while  culture 
25  was  fifteen  days  old  and  had  been  under  the  influence  of  this  medium 
for  one  hundred  and  fifteen  days.  No  appreciable  difference  in  the  in- 
fecting power  of  these  two  cultures  was  observed. 

Medium  310  is  the  same  as  medium  300  except  that  it  contains  2  per 
cent  of  dextrose.  •  Five  of  the  six  cultures  on  this  medium  produced 
nodules;  one  did  not,  and  that  was  not  the  oldest  culture.  Comparing 
these  results  with  those  from  medium  300,  it  seems  as  if  the  dextrose 
protected  the  infecting  power  of  the  organism  on  this  medium. 

In  the  last  column  of  Table  18  the  number  of  living  organisms  in  each 
culture  is  given,  and  in  the  next  to  the  last  column  the  number  of  nodules 
per  plant  produced  by  each  culture  is  given.  It  is  seen  that  in  all  cases 
in  which  no  living  organisms  were  found  in  a  culture  no  nodules  were 
produced  by  that  culture,  and  that  the  cultures  in  which  living  organisms 
were  present  produced  nodules.  Culture  6  is  the  only  exception,  but  in 
this  case  only  two  plants  out  of  sixteen  had  four  and  six  nodules^  respec- 
tively, and  the  size  and  location  of  these  nodules  pointed  to  later  con- 
tamination. 

According  to  the  above  data,  Bacillus  radidcola  of  Canada  field  pea 
does  not  lose  its  infecting  power  when  propagated  on  mediimi  300  and 
400  for  one  hundred  and  fifteen  days.  Some  of  the  cultures  on  these  two 
media  did  lose  their  infecting  power,  but  in  all  cases  these  were  the  older 
cultures.  This  loss  in  efficiency  is  due  to  death  of  the  culture,  and  death  is 
induced  by  nitrogenous  media  after  a  considerable  duration. 

SUMMARY 

1.  The  causal  organism  in  the  case  of  Canada  field  pea  nodules  is  BaciUuB 
radidcola.  Its  flagella  are  peritrichic,  and  eight  was  the  largest  number 
found.    Its  group  number  is  B.  222.2322033. 

2.  Nodules  developed  both  in  light  and  in  darkness.  A  larger  number 
of  nodules,  however,  developed  in  darkness. 

3.  Nodules  developed  readily  both  in  the  soil  extract  and  in  synthetic 
nutrient  solutions  in  which  the  nitrates  were  either  omitted  or  replaced 
by  chlorides.  The  nodules  continued  to  increase  in  number  as  long  as 
the  plants  continued  to  grow. 
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4.  In  a  full  nutrient  solution  containing  nitrates  a  few  nodules  may  de- 
velop immediately  after  inoculation,  but  a  subsequent  continual  develop- 
ment of  nodules  seems  to  be  inhibited. 

5.  No  nodule  development  took  place  in  nutrient  solutions  in  which 
the  individual  essential  elements  were  omitted,  except  in  the  case  of  ni- 
trogen. 

6.  In  sandy  soil  a  moisture  content  of  20  to  40  per  cent  was  more  favor- 
able for  Dodule  development  than  lower  or  higher  percentages. 

7.  The  addition  of  KNO,,  Ca(N0,)2,  NH4CI,  FeCl,  KCl,  or  peptone  to 
sandy  soil  in  the  proportion  of  I  gram  of  the  salts  to  300  grams  of  the  soil, 
air-dry,  had  an  inhibiting  effect  on  nodule  development  on  Canada  field 
peas.  The  addition  of  MgSO*,  KH,P04,  CaCHjPOOa,  and  tannic  acid, 
especially  at  the  lower  concentrations,  in  300  grams  of  the  soil,  had  a 
beneficial  effect  on  nodule  development  on  Canada  field  peas. 

8.  Nutrition  markedly  influences  the  morphology  of  the  nodule  or- 
ganisms. 

9.  The  addition  of  1  cubic  centuneter  or  more  of  a  normal  solution 
of  HCl  to  10  cubic  centimeters  of  agar  medium  334,  335,  or  337  was  in- 
jurious to  the  vitality,  and  therefore  to  the  infecting  power,  of  the  alfalfa- 
nodule  organism.  The  addition  of  2  cubic  centimeters  or  less  of  a  normal 
solution  of  NaOH  to  10  cubic  centimeters  of  each  of  the  above  media 
seemed  to  be  slightly  beneficial  to  the  vitality  and  the  infecting  power 
of  this  organism. 

10.  The  organism  of  Canada  field  peas  produced  no  visible  growth  in 
medium  334  when  the  following  substances  were  added:  levulose  2  per 
cent,  phloroglucin  0.2  per  cent,  potassium  oxalate  0.5  per  cent,  potassium 
citrate  0.5  per  cent,  Witte's  peptone  5  per  cent,  Merck's  peptone 
3  per  cent. 

11.  The  organism  multiplies  readily  in  some  soils  and  in  various  sub- 
stances; as  many  as  10,000,000,000  organisms  per  gram  developed  in  wheat 
bran  and  in  ground  peas. 

12.  The  infecting  power  of  B.  radidcola  of  Canada  field  pea  was  not 
affected  after  the  organism  had  been  kept  on  medium  335  for  two  years 
and  a  half  in  the  laboratory,  the  culture  being  transferred  once  each  month. 

13.  The  infecting  power  of  the  organism  was  not  appreciably  influenced 
by  the  various  media.  All  the  cultures  in  which  living  nodule-forming 
organisms  were  found  at  the  time  of  trial  produced  nodules. 
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14.  Id  some  media  and  mider  certain  conditions  the  organisms  died 
much  sooner  than  in  other  media.  The  nitrogenous  media  did  not  seem 
to  influence  the  infecting  power  of  the  organism. 

15.  It  is  not  difficult  to  determine  whether  or  not  a  given  culture  can 
produce  nodules,  but  there  is  no  accurate  method  of  measuring  the  slight 
variations  in  infecting  power  that  may  exist  in  the  different  cultures. 

GEg^ERAL  DISCUSSION 

The  definition  of  virulence  as  given  by  -various  authors  in  the  medical 
texts  is  not  clear,  but  in  general  the  word  is  defined  as  meaning  the  power 
of  microorganisms  to  invade  and  multiply  in  the  tissues  of  a  host  and 
cause  some  injury  or  disease  to  the  host.  It  was  found  by  Peirce  (1902), 
Fred  (1911),  and  others,  that  the  cells  in  the  nodule  are  injured  by  the 
nodule-forming  organism  and  become  abnormal,  and  that  for  this  reason 
the  relation  between  the  microorganism  and  the  legume  is  a  parasitic 
one.  Furthermore,  a  nodule  on  a  leguminous  plant  is  a  swelling,  a  hy- 
pertrophic formation;  and  morphologically  speaking,  it  is  an  abnormaUty, 
or  a  form  of  disease.  Nodule  formation,  therefore,  may  be  considered  as 
of  a  patholc^ical  nature.  But,  it  may  be  asked,  which  is  the  normal  root 
of  the  l^ume — the  one  with  the  nodules,  or  the  one  without  the  nodules» 
or  both?  Whatever  the  morphological  and  cytological  evidence  may  be, 
one  well-established  fact  stands  out;  namely,  that  leguminous  plants  are 
benefited  by  the  presence  of  nodules.  No  positive  evidence  has  been 
produced  thus  far  to  show  that  the  microorganism  which  causes  nodules 
is  injurious  to  l^uminous  plants.  The  nodule-forming  organism  pen- 
etrates the  root  tissue,  multiplies  therein,  and  apparently  derives  its 
necessary  food  therefrom;  and  in  return  for  this  it  enables  the  plant  to 
obtain  a  certain  amount  of  nitrogen.  There  is,  therefore,  a  mutual  and 
beneficial  exchange  and  the  relation  is  symbiotic. 

The  primary  object  of  the  experiments  reported  in  this  investigation 
was  to  determine  whether  the  power  of  the  nodule-forming  organism  to 
cause  nodules  is  easily  altered  by  artificial  media.  The  nodule-forming 
organism  of  Canada  field  pea  was  chosen  for  this  purpose,  and  the  results 
apply  only  to  that  organism.  It  is  probable  that  the  prganisms  from 
other  I^umes  might  have  given  different  results.  Since  the  value  of  the 
investigation  depended  so  much  on  the  securing  of  a  pure  culture,  the 
various  precautions,  as  previously  indicated,  were  adopted  for  this  purpose. 
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The  fact  that  a  pure  culture  is  obtained  from  a  nodule  and  resembles  in 
its  cultural  characteristics  the  true  nodule-forming  organism  is  not  a  suffi- 
cient proof  that  such  an  organism  is  the  nodule-forming  organism.  De' 
Rossi  (1907),  in  his  investigation,  emphasizes  this  point,  and  unques- 
tionably the  information  on  the  general  subject  of  nitrogen  fixation  by 
leguminous  plants  has  been  colored  by  results  from  experiments  in  which 
some  organism  other  than  the  nodule-forming  organism  was  employed. 

As  stated  on  page  59,  the  number,  size,  'and  location  of  the  nodules 
on  the  roots  are  probably  inflifenced  by  a  number  of  factors.  Since  the 
number  of  nodules  produced  on  the  plants  in  a  given  time  was  used 
as  the  measure  of  the  infecting  power  of  the  culture  with  which  the 
plants  were  inoculated,  it  seemed  advisable  to  study  the  influence  of 
several  factors  and  thus  to  determine  whether  Canada  field  peas  readily 
form  nodules  under  the  conditions  that  it  was  planned  to  use  in  Part  III. 
The  results  of  these  experiments  in  Part  II  tend  to  point  to  the  conclusion 
that,  in  general,  the  conditions  favoring  the  normal  development  of  plants 
favor  also  the  development  of  nodules.  An  exception  to  this  is  found  in 
the  fact  that  the  presence  of  nitrates  tends  to  inhibit  the  development 
of  nodules,  and  at  the  same  time  favor  the  normal  development  of  the 
plants.  No  satisfactory  explanation  for  this  phenomenon  has  as  yet  been 
given.  The  plants  appear  not  to  be  injured  by  the  presence  of  nitrates, 
and  neither  do  the  nodule-forming  organisms  seem  to  be  injured  when 
propagated  on  a  medium  in  which  nitrate  is  present  (see  experiment  13). 
The  explanation  that  the  plants  are  made  more  vigorous  when  supplied 
with  nitrogen,  and  can  more  readily  resist  the  invasion  of  the  microorgan- 
isms, cannot  be  taken  seriously.  It  might  be  noted  here  that  the  root 
system  of  Canada  field  peas  grown  in  Pfeffer's  nutrient  solution  appears 
normal,  tending  to  become  slightly  brownish;  but  when  the  nitrate  in  the 
same  solution  is  replaced  by  the  chloride  of  the  same  metal,  the  root 
system  becomes  larger,  the  roots  being  more  numerous  and  longer.  Con- 
sequently, the  rate  of  growth  of  the  root  tissue  is  accelerated  by  the  ab- 
sence of  nitrates.  Whether  this  somewhat  rapid  growth  of  the  root 
tissue  has  any  relation  to  nodule  formation  is  not  known.  It  is  highly 
probable  that  a  biological  factor  also  influences  the  development  of  nodules. 
The  microbial  flora  of  the  soil  or  of  the  solution  in  which  the  plants  are 
grown  is  undoubtedly  influenced  by  the  composition  of  that  soil  or  solution. 
The  microorganisms  that  thrive  best  in  a  highly  nitrogenous  soil  or  solu- 
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tioQ,  and  the  products  of  their  metabolic  activities,  may  exercise  an  in- 
jurious influence  on  the  nodule  organisms  and  thus  prevent  them  from 
multiplication  and  distribution  through  the  soil. 

The  influence  of  artificial  media  on  the  power  of  Bacillus  radicicola  to 
cause  nodules  is  of  considerable  importance,  in  view  of  the  fact  that 
inoculation  for  leguminous  crops  with  pure  cultures  is  extensively  prac- 
ticed and  the  pure  cultures  have  to  be  propagated  on  some  media.  Frank 
(1899),  in  commenting  on  the  low  efficiency  of  nitragin,  suggested  that 
probably  the  medium  (gelatin)  on  which  the  cultures  were  propagated 
and  kept  was  not  favorable  for  the  organisms,  and  that  this  might  be  the 
cause  of  the  low  efficiency  of  nitragin.  Hiltner  (1900)  finally  substituted 
liquid  media  for  the  gelatin,  and  was  able  to  obtain  better  results  from 
the  l^iune  inoculation.  Suchting  (1904)  found  that  not  only  the  gelatin 
media  are  injurious  to  the  bacteria  —  a  point  shown  by  Hiltner  —  but 
the  agar  media  also  may  be  unfavorable.  Moore  (1905)  made  the  ob- 
servation that  the  nodule-forming  bacteria  increase  most  rapidly  on  a 
medium  rich  in  nitrogen,  but  that  the  resulting  growth  is  usually  very 
much  reduced  in  infecting  power.  Lewis  and  Nicholson  (1905),  on  the 
other  hand,  state  that  the  presence  or  absence  of.  nitrogen  in  the  culture 
media  is  not  the  determining  factor  in  maintaining  the  activity  of  the 
germ. 

A  reasonable  conclusion  from  the  investigations  mentioned  above 
seems  to  be  that  some  artificial  media  are  more  favorable  than  others 
for  the  propagation  of  jBL  radicicola,  and  that  the  amount  of  growth  is 
not  always  directly  proportional  to  the  nodule-producing  efficiency  of 
the  organism.  With  this  conclusion  the  experiments  in  Part  III  are  in 
accord.  In  addition  to  this,  the  experiments  point  to  the  conclusion 
that  B.  radicicola  of  Canada  field  pea  does  not  possess  ''  virulence  "  in 
a  pathological  meaning  of  the  word.  The  ability  to  cause  nodules  is  so 
closely  bound  up  with  the  general  vitality  of  the  bacteria  that  our  means 
and  methods  cannot  detect  any  variations,  if  such  there  are,  in  their 
nodule-producing  ability.  The  writer's  opinion  is  that  every  living 
nodule-producing  organism  in  a  vigorous  condition,  will,  if  given  a  chance, 
cause  nodule  development  no  matter  on  what  kind  of  media  it  has  been 
propagated.  The  propagation  of  the  organisms  on  different  media  does 
not  measurably  afifect  their  nodule-producing  efficiency.  The  organisms 
die  sooner  on  some  media  than  on  others,  and  the'  loss  of  the  nodule- 
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producing  efficiency  of  the  cultures  is  due  to  the  dying-out  of  the  organ- 
.  isms.  Whether  the  injurious  agent  is  some  ingredient  of  the  media,  or 
lack  of  a  proper  nutrient,  or  the  accumulation  of  the  metabolic  products, 
has  not  been  determined.  The  observation  that  a  cop  ous  growth  is 
usually  of  reduced  nodule-producing  efficiency  suggests  the  last  as  the 
probable,  or  at  least  a  partial,  explanation. 

When  one  examines  l^uminous  plants  grown  under  favorable  conditions, 
one  finds  that  each  plant  has  a  limited  number  of  nodules  and  that  the 
number  and  the  size  of  the  nodules  vary  on  the  different  plants.  Hiltner 
(1900),  holding  the  relation  between  B,  radicicola  and  the  leguminous  plants 
to  be  of  a  pathological  nature,  concluded  from  his  experiments  that  the 
variableness  of  the  infecting  power  of  the  nodule-forming  bacteria  is  the 
limiting  factor  which  determines  the  number  and  size  of  the  nodules  under 
otherwise  favorable  conditions.  Siichting  (1904),  in  trying  to  account  for 
the  limited  number  of  nodules  on  each  plant,  emphasized  the  resistance 
of  the  plants  against  the  invasion  of  the  bacteria.  His  explanation  is 
as  follows:  "  In  contrast  to  Hiltner's  immunity  theory,  I  am  of  the  opinion 
that  the  nodule  formation  and  their  number  are  regulated  by  the  relation 
between  the  antibodies  in  the  plant  and  the  infecting  substance  of  the 
bacteria."  ^ 

These  explanations  do  not  appear  to  the  writer  to  explain  the  conditions. 
No  pathological  explanation  can  account  for  a  limited  number  of  nodules. 
The  physical  condition  and  the  chemical  composition  of  the  soil,  the 
amount  of  moisture,  and  the  microbial  flora  of  the  soil,  are  some  of  the 
important  factors  that  interfere,  directly  or  indirectly,  with  the  coming 
together  of  B.  radicicola  and  the  roots  of  the  plants.  The  stage  in  the 
development  of  the  plant,  the  rate  of  growth  of  the  roots,  the  number 
of  root  hairs,  the  character  of  the  root  tissue,  and  other  factors,  may  also 
play  a  part  in  limiting  the  development  of  nodules. 
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When  the  work  was  well  under  way  and  it  became  apparent  that  there 
are  indeed  a  considerable  number  of  species  of  Fusarium,  it  came  to 
the  writer's  knowledge  that  the  same  thing  was  definitely  proved,  at 
least  for  European  conditions,  by  Appel  and  Wollenweber  (1910)  in 
their  Grundlagen  (page  105),  in  which  they  state  that  most  of  the  Fusaria 
described  by  them  were  isolated  from  the  potato,  mainly  from  the  tubers. 
Since  then  this  work  has  been  continued  with  still  greater  confidence 
in  its  underlying  principles,  but  now  mainly  m  order  to  verify  the  European 
findings  for  the  American  conditions.' 

All  cultures  of  the  Fusaria  were  obtained  by  isolations  made  from 
diseased  parts  of  the  potato  plant,  mainly  from  tubers  received  from 
pathologists  in  nearly  every  experiment  station  in  the  United  States. 
Of  all  the  strains  of  the  Fusarium-like  organisms  thus  obtained,  over 
one  hundred  and  twenty  organisms  at  first  seemed  to  differ  in  some  way 
or  another.  After  a  careful  comparative  study  of  all  these  strains,  more 
than  half  of  the  number  proved  to  be  identical  with  others. 

Some  of  the  remaining  organisms  were  identified  with  several  Fusaria 
described  by  Appel  and  Wollenweber  (1910),  by  Jamieson  and  Wollen- 
weber (1912),  and  by  Wollenweber  (1913,  b  and  c).    These  are  as  follows: 

Fusarium  affine  Faut.  et  Lamb. 

F.  coendeum  (Lib.)  Sacc. 

F.  dimerum  Penz. 

F.  discolor  Ap.  et  Wr. 

F.  Martii  Ap.  et  Wr. 

F.  metacroum  Ap.  et  Wr. 

F,  oxysporum  Schlecht.,  as  described  by  Wollenweber 

F.  radidcola  Wr. 

F,  Solani  (Mart.  p.  par.)  Ap.  et  Wr. 

F.  avbidatum  Ap.  et  Wr. 

F.  trichothecioides  Wr. 

Still  other  organisms  were  found  to  be  very  closely  related  either  to 
some  of  the  species  named  above  or  to  certain  other  species,  at  the 
same  time  diflfering  sufficiently  from  them  to  be  separated  on  a  con- 

*  The  general  discuasion  of  the  genuB  FuBarium  was  known  to  the  writer  before  be  began  hia  work,  when 
in  the  summer  of  1011  Dr.  Jensen  received  the  Orundla^  and  now  and  then  read  parts  of  it  to  the  writer. 
Having  no  idea  that  Appel  and  Wollenweber  were  working  mainly  with  the  Fusaria  of  the  potato,  the  writer 
did  not  study  their  work  thoroughly  as  early  as  he  should  have. 
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servative  basis  from  those  species.     These  organisms  were  then  designated 
as  new  varieties  of  the  following  old  species: 

Fusarium  cavdalum  Wr.  (one  new  variety) 

F.  culmarum  (W.  Smith)  Sacc.  (one  new  variety) 

F.  discolor  Ap.  et  Wr.  (one  new  variety) 

F.  fakatum  Ap.  et  Wr.  (one  new  variety) 

F,  Mcartii  Ap.  et  Wr.  (two  new  varieties) 

F.  metacroum  Ap.  et  Wr.  (one  new  variety) 

F,  oxysporum  Schlecht.  (three  new  varieties) 

F,  redolens  Wr.  (one  new  variety) 

F,  Solani  (Mart.  p.  par.)  Ap.  et  Wr.  (two  new  varieties) 

F.  subiUatum  Ap.  et  Wr.  (one  new  variety) 

F.  vdum  (Berk.)  Wr.  (one  new  variety) 

The  remaining  organisms  of  the  genus  Fusarium  were  then  named  as 
new  species  and  their  varieties.  It  is  probable  that  at  least  some  of  them 
have  been  previously  described,  but  the  descriptions  given  are  so  incom- 
plete that  any  reasonable  identification  is  doubtful.  The  matter  of  identi- 
fication is  discussed  on  another  page. 

Besides  the  Fusaria,  several  organisms  were  isolated  in  the  course  of 
the  work  which  more  or  less  closely  resemble  Fusarium  though  belonging 
to  a  different  genus  (Ramularia)  of  the  H3rphomycetes.  As  these  organ- 
isms are  often  found  on  the  potato  and  are  easily  confused  with  species 
of  Fusarium,  they  are  treated  here,  but  of  course  under  their  proper  generic 
name. 

On  the  whole  the  work,  with  a  few  exceptions,  fully  verifies  the  princi- 
ples laid  down  by  Appel  and  WoUenweber  (1910).  The  chief  exceptions 
are  as  follows:  (1)  The  Fusaria  as  such  can  be  distinguished  on  almost 
any  medium,  including  artificial  media,  provided  that  the  medium  is  not 
extremely  poor  or  rich  in  food  materials  and  also  provided  that  the  moisture 
supply  in  the  medium  is  well  regulated.  (2)  The  microconidia  should 
be  recognized  as  a  special  kind  of  spores  because  of  their  importance  in 
classification  of  these  fungi.  Though  microconidia  genetically  do  not 
represent  a  separate  kind  of  spores,  nevertheless  their  typical  absence 
for  certain  closely  related  Fusaria,  as  well  as  their  typical  presence  for 
others,  is  characteristic.  Besides,  whenever  they  are  present  they  have 
a  constant  and  often  distinctive  type  of  their  own.     (3)  No  typical  core- 
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mial  nor  typical  pionnotal  fonn  of  fnictificatioii  was  ofaaared  in  any  cl 
the  true  Fuaaria,  tboi^  types  oi  fnictificatioQ  leaemMing  those  fonns 
more  or  less  closely  were  common. 

SCOPE  OF  WOBK 

The  work  was  confined  to  a  study  oi  the  Fusaria  as  sodi,  that  is,  without 
any  consideration  of  the  possible  perfect  forms.'  The  study  was  centred 
mainly  on  the  characters  that  seem  to  be  most  important  and  practicable 
for  a  natural  classification  of  these  organisms.  Thus,  especial  attrition 
was  paid  to  the  presadoe  and  type  of  each  kind  of  spores  (micro-  and 
macroc<Miidia  and  chlamydospores).  Type  of  color  production  was  found 
to  be  next  in  importance.  Type  of  fructification  and  of  ccNiidiophoreSy 
sise  of  spores,  presence  or  absence  and  kind  of  sckrotia,  and  rate  and 
character  of  colony  growth,  were  also  found  to  be  of  m<He  or  less  consider- 
able importance  for  differmtiation  of  the  species. 

Some  work  has  been  done  on  the  action  of  these  organisms  under 
different  environmental  conditions  and  also  with  respect  to  thdr  patho- 
genicity. In  r^ard  to  the  latter  the  following  four  facts  should  be  men- 
tioned: 

1.  Extensive  inoculations  of  potato  plants  with  aD  the  Fusaria  pre- 
sented here  yielded  negative  results  and  would  indicate  that  they  are  not 
wilt  producers.^ 

2.  Several  series  of  inoculations  of  potato  tub«is  showed  (a)  that  a  con- 
siderable number  of  the  Fusaria  can  cause  more  or  less  rapid  decay  of  the 
tubers,  and  (b)  that  most  of  the  Fusaria  readily  produce  rot  only  after  the 
tubers  begin  to  sprout. 

3.  The  commonest  rot-producing  organism,  at  least  in  eastern  United 
States,  is  F,  coendeum  (Lib.)  Sacc. 

4.  The  inoculations  into  tubers  seem  to  indicate  that  some  species 
widely  different  morphologicaUy  may  act  similarly  pathologically,  and 
that  other  species  very  closely  related  from  the  morphological  standpoint 
differ  very  widely  in  their  pathogenicity. 

The  other  results  of  this  phase  of  the  work  will  be  mentioned  only  in 

*  In  thu  study  no  specUl  attempt  wna  made  to  diaoover  the  perfect  stafe  of  any  of  theoe  organiiam 
At  the  aaine  tune  it  b  to  be  noted  that  under  the  condition  of  the  work  when  a  eooeaderable  number  of 

%&"•'  .  *•  ?«B  a«  ••  arta6cial ''  medU  were  naed.  none  of  the  Fumria  produced  a  perfect  atase. 

*  The  wnter  doee  not  mean  by  this  statement  that  the  Fuaaria  actually  never  produce  wih  of  poUtoes. 
because  It  lapoanble  that  the  negative  resnita  were  due  to  lost  virulenoe  of  the  cultures  nnd  or  to  som: 
other  important  factor  that  escaped  attention. 
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those  instances  in  which  different  action  under  different  environment  is  of 
importance  in  identification. 

80UBCE  and  methods  OF  ISOLATION 

Most  of  the  species  of  Fusarium  and  related  organisms  presented  here 
were  isolated  from  potato  tubers  affected  with  dry  or  soft  rot.  A  number 
of  isolations  were  made  also  from  discolored  fibro-vascular  bundles  of 
potato  tubers  and  from  stems  of  wilted  potato  plants.  A  single  oigan- 
ism,  Fusarivm  metacraum  var.  minuSy  was  isolated  from  a  spot  on  the 
surface  of  a  half-dead  potato  stem. 

In  a  few  cases  the  isolations  were  made  by  means  of  poured  plate 
dilutions,  but  in  the  majority  of  cases  they  were  made  from  affected  tissues 
of  the  host.  The  affected  part  of  the  host  was  first  thoroughly  wiped 
with  a  piece  of  cheesecloth  moistened  in  0.1  per  cent  solution  of  corrosive 
sublimate,  and  then  the  ''skin"  was  peeled  off  just  above  the  affected 
party  or  the  diseased  part  of  the  plant  was  broken  open  so  that  the  spot 
from  which  the  isolation  was  to  be  made  was  not  touched  even  with 
sterile  utensils.^  Four  or  five  small  fragments  of  diseased  tissue  were 
cut  out  with  a  sterile  scalpel  and  transferred  with  a  sterile  needle  to 
cooled  poured  plates  of  a  suitable  medium.  When  a  rotted  tuber  showed 
a  noticeable  difference,  in  color  or  otherwise,  in  different  regions 
of  the  decayed  part,  a  separate  set  of  plantings  was  made  from 
each  region.  The  actual  isolation  of  more  than  one  Fusarium  from  a 
single  tuber  shows  that  this  precaution  was,  at  least  in  some  cases, 
worth  while. 

Several  days  after  plantings  were  made,  if  any  fungi  were 
present  they  usually  had  made  considerable  growth  and  often  allowed 
a  preliminary  macro-  and  microscopic  comparison  of  the  isolated 
organism  with  any  others  of  the  same  series  of  isolations  or  of  former 
ones. 

In  case  a  fungus  thus  obtained  was  different  in  some  way*  from  the 
others,  two  transfers  into  test  tubes  of  a  suitable  medium  were  made  for 
further  study.    In  order  to  make  a  culture  from  the  start  as  pure  as 

*  Small  inatruiiieiitB  and  gUaware  may  be  Btorilised  conveniently  by  storing  them  in  a  jar  of  8(V«er^ 
etnt  aloohol.  When  ready  to  use  the  ezoen  aloohol  ia  burned  off  by  paaring  the  inatroments  through  a 
flaaaa.    When  w  treated  the  instruments  are  sterile,  perfectly  dry.  and  not  too  hot  for  immediate  use. 

•  Rate  and  character  of  growth,  oolor,  and  type  of  spores  were  at  first  almost  the  only  characters  on 
which  these  organiooa  wen  judced. 
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possiblei  these  transfers  were  made  from  the  very  margin  of  the  colony. 
But  if  in  a  colony  there  were  apparently  two  or  more  organisms  growing 
together,  this  method  would  invariably  lead  to  isolation  of  the  rapidly 
growing  one  and  loss  of  the  slower-growing  one.  In  order  to  save  the 
latter  also,  the  plates  with  original  plantings  were  kept  for  a  long  time 
after  the  first  transfers  were  made,  and  now  and  then  dilutions  were 
made  from  the  old  colonies.  In  the  majority  of  cases  this  work  was 
useless,  but  in  two  cases  there  were  isolated  very  slow-growing  fungi  — 
F.  dimerum  var.  Solani  and  F»  vdum  var.  Solani  —  which  otherwise 
would  have  been  missed. 

The  cultures  obtained  by  transfers  from  original  plantings  seemed  to 
be,  and  usiially  were,  pure  cultures  frotn  the  start.  Nevertheless  it  was 
evident  that  some  method  of  obtaining  cultures  from  single  spores  must 
be  employed  before  a  comparative  study  of  the  organism  could  be  profit- 
ably begun. 

In  those  few  instances  in  which  a  culture  did  not  produce  any  spores  for 
a  long  time  and  which  appeared  to  be  a  mixture  of  more  than  one  fungus, 
an  attempt  was  made  to  separate  the  organisms  by  the  mere  planting 
of  a  small  bit  of  the  fungous  growth  in  the  center  of  a  newly  poured  plate. 
In  only  one  case  was  the  result  satisfactory.  This  was  when  a  bit  of 
mixed  growth  of  F.  arcuosporum  and  Ramulcaria  Magrmaiana,  on  being 
planted  in  a  plate,  produced  from  the  start  on  one  side  a  pure  growth  of 
one  fungus  and  on  the  other  side  a  pure  growth  of  the  other  fungus. 
In  all  the  other  cases  a  culture,  if  transferred  into  several  different  media, 
sooner  or  later  always  produced  a  suiBcient  number  of  spores;  and  in 
order  to  obtain  a  pure  culture  the  poured-plate  method  of  dilution  was 
invariably  employed. 

Considerable  economy  of  time  and  labor  was  effected  by  placing  a  number 
of  separate  drops  of  sterile  water  in  a  sterile  plate.  By  transferring 
spores  from  drop  to  drop,  a  drop  is  soon  secured  in  which  the  number 
of  spores  is  such  that  a  small  loopful  transferred  to  a  drop  in  another 
plate  will  contain  only  thirty  or  forty  spores.  The  melted  and  properly 
cooled  medium  is  then  poured  into  the  plate,  and  distribution  of  spores 
is  effected  by  giving  the  plate  a  rotary  motion  before  the  medium  has 
hardened. 

The  first  observation  of  the  dilution  plates  was  made  about  a  day  later. 
At  this  time  most  of  the  spores  had  germinated  and  could  be  observed 
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from  the  bottom  of  the  plate  with  comparative  ease.  When  a  single 
spore  at  some  distance  from  the  others  was  located,  it  was  marked  with  a 
circle  of  india  ink.  In  this  manner  several  spores  were  marked  and  the 
plate  was  left  for  another  day,  after  which  the  colonies  were  usually  large 
enough  to  be  observed  with  the  unaided  eye.  Transfers  could  then  be 
made  easily  and  surely.  These  transfers  have  been  kept  as  the  stock 
cultures.  The  dilution  plates  from  which  stock  cultures  were  obtained 
were  kept  for  several  weeks  longer,  in  order  to  see  whether  all  the  colonies 
were  alike. 

In  only  three  cases,  after  the  first  dilution,  did  there  appear  to  be  different 
colonies  present  in  the  same  separation  plates.  In  one  of  these  cases  this 
was  the  result  of  a  mixed  growth  of  two  distinct  fungi.  It  is  of  some 
interest  to  note  here  that  the  mixed  culture  appeared  to  be  a  fine  specimen 
of  a  pink  fungus.  On  dilution  it  gave  rise  to  a  brick  red  fungus,  F.  vfieior 
croutny  and  a  white  one,  F.  diversisporum.  In  the  other  two  cases  the 
fungi  obtained  from  the  differently  appearing  colonies  represented  most 
closely  related  organisms  which  never  were  isolated  again,  but  which 
nevertheless  remain  distinct  from  each  other.  Whether  they  represent 
mutations,  .fluctuations,  or  mere  chance  coexistence  of  the  two  actually 
different  organisms,  is  a  matter  yet  undecided.  They  are  tentatively 
designated  as  two  different  varieties  —  F.  hvllatum  var.  roseum  and  F. 
cartkrospoTioides  var.  aaporoirichivs. 

The  stock  cultures  were  subsequently  repeatedly  rediluted,  and,  as 
was  to  be  expected,  almost  invariably'  every  dilution  plate  showed  all 
the  colonies  from  the  same  stock  culture  to  be  alike. 

As  it  is  not  possible  to  use  a  high-power  objective  with  the  ordinary 
petri  dish,  and  as  single  spores  of  some  of  the  species  are  very  diflicult 
to  locate  because  of  their  sisse  and  lack  of  color,  there  was  always  the 
possibility  that  some  of  the  cultures  which  seemed  to  be  pure  were  really 
mixtures,  for  it  is  a  well-known  fact  that  the  spores  of  many  fungi  often 
cling  together  tenaciously.  In  order  to  make  absolutely  sure  that  pure 
cultures  were  being  dealt  with,  the  further  precaution  was  observed  in 
1913  of  locating  single  isolated  spores  with  a  high-power  objective  and 

'  Only  two  exceptions  were  observed:  (1)  In  the  ease  of  F.  metacroum  var.  miniu  among  oharaoteristio 
red  colonics,  there  appeared  one  colorless  colony.  For  a  while  the  absence  of  color  was  a  constant  char- 
acter, but  later  the  color  was  produced  asain.  (2)  In  the  case  of  P.  divernaporum  among  colonies  witb 
high  atrial  mycelium  there  was  a  colony  almost  without  aerial  mycelium.  In  subsequent  generations  the 
aftial  mycelium  reappeared  almost  to  the  same  extent  as  originally. 
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securing  cultures  from  them.'  The  cultures  thus  obtained  were  in  all 
respects  similar  to  the  original  stock  cultures,  thus  confirming  the  reliar 
bility  of  the  poured-plate  dilution. 

CULTURE  MEDIA 

It  is  a  well-known  fact  among  mycologists  that  under  different 
environmental  conditions  many  fungi  vary  considerably  in  their 
macro-  and  microscopic  characters.  One  of  the  most  important 
factors  in  variability  is  the  substratum.  According  to  Thom  (1910), 
certain  characters  in  Penicillia  appear  only  when  the  fungi  are  grown 
on  a  certain  medium.  Other  instances  of  a  similar  nature  might  be 
cited. 

Because  of  this  variability  of  many  fungi  with  variation  in  the  sub- 
stratum, it  seemed  indispensable  in  this  study  of  Fusaria  to  use  a  number  of 
different  media  in  order  to  find  the  extent  of  the  variability  m  the  Fusaria 
and  to  determine,  if  possible,  which  media  could  be  most  profitably 
employed  in  this  kind  of  work. 

The  so-called  *'  natural  "  media,  as  well  as  artificial  media,  were  used.* 
Those  employed  most  extensively  were  potato  tuber  and  stem  plugs,  and 
hard  agars  of  potato,  lima  bean,  and  oat.  For  the  study  of  color  produc- 
tion, from  8  to  10  per  cent  of  sugar  (glucose)  was  added  to  one  of  the 
above  agars,  usually  to  potato  agar.  In  all  other  cases  the  agars  were 
used  without  glucose  or  with  a  small  amount  of  it  (0.5  per  cent).  In  a 
few  instances  the  agars  were  more  or  less  acidified  by  the  addition  of  small 
quantities  of  lactic  or  citric  acid  (from  1  to  3  drops  of  50-per-cent  acid 

•  The  method  employed  was  at  follows:  A  number  of  drops  (from  eight  to  ten)  of  sterilieed  potato 
broth  were  placed  on  a  sterile  glass  slide.  Dilution  transfers  were  made  from  drop  to  drop  until  such  a 
dilution  was  secured  that  on  removing  a  small  droplet  on  the  flattened  end  of  a  platinum  needle  it  was 
found  by  microscopic  examination  that  in  many  cases  a  single  spore  could  be  obtained.  From  sudi  a 
drop  nine  transfers  were  nuuie  to  a  sterile,  but  somewhat  greasy,  cover  fljass.  By  placing  the  cover  ^ass 
over  a  tubular  glass  cell  or  a  van  Tieghem  cell,  each  individual  droplet  could  be  examined  with  a  hi^- 
power  objective.  Droplets  containing  no  spore  or  more  than  one  spore  were  wiped  off  at  onoe  with  a 
pointed  piece  of  blotting  paper.  In  thus  removing  spore  droplets,  the  spores  abo  were  invariably  removed. 
Sterile  water  was  placed  in  the  bottom  of  the  oeu  and  the  cover  glass  was  sealed  to  the  cell  with  sterile 
water.  The  ceUs  were  then  placed  in  a  moist  chamber  for  about  twelve  hours,  and  by  this  time  the  ipores 
had  usually  germinated  ana  could  be  observed  with  much  greater  ease.  This  observation  was  almost 
indispensable  in  the  case  of  those  species  that  produce  numerous  minute  microoonidia,  as  any  such  could 
be  easily  detected  at  this  stage.  Only  two  or  three  droplets  bearing  single  unmistakably  germinating 
spores  were  allowed  to  remain  on  the  covers.  At  the  end  of  twenty-four  hours  more,  the  growth  of  mycelium 
from  the  single  spores  was  usually  sufficient  to  be  seen  with  the  unaided  eye  and  could  be  transferred 
readily  with  a  finely  pointed  needle  to  a  suitable  medium. 

*The  media  used  were:  (1)  Natural  —  potato,  bean,  and  pea  stems;  rye  straw;  canes  of  red  rasp- 
berry; grains  <rf  rye,  wheat,  oat,  barley,  com,  and  rice;  corn  meal  and  oatmeal;  whole  potato  tubers  and 
plu0i  of  potato  tuber.  (2)  Artificial  —  potato,  lima-bean,  oat,  com,  and  nutrient  agars  (hard  and  soft, 
irom  1  to  8  per  cent  agar,  neutral  and  more  or  less  acidified,  without  and  with  different  amounts  of  glucose). 
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to  10  cuImc  oentimetars  of  the  medium);  oUienrise  tk^  nwe  yaod  us  llify 
were  after  the  proeeas  of  moking  and  sleriliiiii|(.*^ 

Tike  melhod  d  preparing  all  natural  oiedia  was  very  simpfe.  It  eoft^ 
sisted  in  cutting  suitable  pieces,  tubiog,  and  sitfiliiing  in  an  autodave 
for  twenty  minutes  at  fifteen  pounds  pressure.  Enou|^  dblilled  water 
was  added  to  the  tubes  to  keep  the  cultures  in  good  growing  condition 
for  from  three  to  four  weeks,  the  exact  amount,  of  course,  depending  on 
the  siae  and  succulence  of  the  material  used.  The  decoctions  that  weie 
most  conmKmly  used  were  prepared  in  the  following  ways: 

Polaio  deeoetum. —  Two  hundred  grams  of  peeled  potato  tubars  weae 
sliced,  1000  cubic  coidmeters  of  distiUed  water  was  ad<kd,  and  the  material 
was  cooked  for  about  forty  minutes  in  a  double  boiler.  The  clear  liquid 
was  thai  decanted  and  the  volume  restored. 

Limorhean  and  oai  deeoeUcns  were  prepared  by  soaking  100  grams  of 
ground  lima  beans  or  oats  in  1000  cubic  centimeters  of  distilled  water  at 
60^  C,  in  an  incubator  for  an  hour.  The  liquid  was  separated  by  strain* 
ing  throui^  cheesecloth  and  the  volume  was  restored  to  the  original  1000 
cubic  centimeters. 

CommeaZdeoocfum  was  prepared  as  described  by  Shear  and  Wood  (1013); 
that  is,  from  about  35  to  40  grams  of  com  meal  were  treated  in  the  same 
way  as  100  grams  of  lima  beans  or  oats  in  the  preceding  case. 

For  the  artificial  media,  to  1000  cubic  centimeters  of  a  decoction  were 
added  agar  (10, 15,  or  30  grams,  these  amounts  corresponding  respectively 
to  soft,  medium,  and  hard  agar)  and  glucose  (0  to  100  grams),  and  the 
whole  was  cooked  in  a  double  boiler  over  a  free  flame  for  an  hour,  or, 
more  exactly,  until  all  the  agar  was  well  dissolved.  The  liquid  was  then 
tubed,  plugged,  and  sterilised  in  the  same  way  as  were  the  natural  media* 

At  the  present  stage  of  this  work,  it  seems  that  all  the  labor  spent  on 
using  so  many  different  media  was  more  or  less  wasted.  It  seems  that 
the  same  results  could  as  well  be  obtained  with  but  a  few  good  media, 
preferably  the  following:  a  hard  oat  agar  (without  glucose),  a  stem  and 
tuber  plug,  and  a  potato  agar  with  about  5  per  cent  of  glucose.  All  other 
media  used  in  the  course  of  this  work  did  not  prove  to  be  of  any  specific 
value,  and  at  the  best  gave  the  same  results  that  were  obtained  with 
those  just  named. 

*•  When  ftn  Mid  was  vkfed  to  an  ifar  tUa  waa  done  after  Um  medium  was  itariliMd,  the  miKlium  ih»n 
quickly  ooofed.    Thia  quiek  oooung  waa  neoaMary  beoauM  otherwiie  an  acidified  agar  often  wuukl  mil 
aa  weU  aa  it  ihouU. 
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For  determination  of  the  color  of  the  substratum  and  also  for  study  of  the 
colony  growth,  it  would  perhaps  be  best  to  use  poured  plates  with  about 
10  cubic  centimeters  of  a  clear  agar.  In  this  work  potato  hard  agar  with 
from  5  to  10  per  cent  of  glucose  was  almost  exclusively  used  for  this  pur- 
pose. For  the  study  of  other  characters,  in  most  cases  cultures  were  made 
in  common  test  tubes. 


EFFECT  OF  VARIOUS  MEDIA   ON   DIFFERENT    CHARACTERS   OF   FUSARIA 

In  the  course  of  this  work  it  was  observed,  in  partial  confirmation  of 
the  statement  by  Appel  and  Wollenweber  (1910: 12-23),  that  certain  media 
affect  fungous  growth  more  or  less  characteristically.  A  medium  too 
rich  in  nutrients,  especially  in  glucose,  usually  gives  cultures  with  more  or 
less  abnormal  spores,  the  abnormality  showing  itself  in  a  too  dense  granula- 
tion of  the  protoplasm,  in  more  or  less  considerable  swelling  of  the  spore 
cells,  and  often  in  abnormal  septation,  size,  and  shape. 

Media  rich  in  glucose  usually  increase  the  density  of  color  produced  by 
these  fungi,  and  often  also  change  its  character.  For  example,  a  pink 
fungus,  F.  arcuosporunty  is  turned  to  a  clay-colored  one;  or  the  fimgus 
F.  angvMum,  which  is  colorless  or  nearly  so,  is  turned  to  a  more  or  less 
bright  purpUsh-vinaceous  one;  and  so  forth. 

Excess  of  water  in  a  medium  usually  leads  to  comparatively  quick 
degeneration  (self-digestion?)  of  the  spores,  and,  in  general,  to  a  shortened 
duration  of  the  vitality  of  the  culture.  Its  presence,  at  least  in  case  of  a 
soft  agar  as  compared  with  a  hard  agar,  is  usually  imfavorable  for  the 
normal  development  of  aerial  mycelium. 

A  medium  comparatively  poor  in  nutrients,  sucL  as  com  meal  agar, 
seldom  gives  rise  to  sclerotia  and  plectenchymic  sporodochia;  but  in 
a  way  it  is  a  good  medium  for  the  study  of  chlamydospores,  which  are 
produced  here  more  or  less  freely  and  stand  out  more  clearly  than  in  other 
media. 

Whole  potato  tubers  (steamed)  often  are  most  favorable  for  production 
of  large  sporodochia;  this  medium,  and  also  potato  tuber  plugs  (also 
steamed),  show  the  largest  sclerotia." 

An  agar,  especially  such  a  one  as  oat  hard  agar,  often  gives  all  the  forms 

"  See  also  Wollenweber  (1913  a:  25). 
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of  fructification  for  these  fungi,  with  "  normal "  spores  and  more  or  less 
typical  and  brilliant  color  production." 

On  the  plugs  made  from  stems  of  different  plants,  spore  production  seems 
to  be  normal."  The  spores  are  of  typical  and  comparatively  uniform  shape, 
septation,  and  size,  without  too  dense  granulation  of  the  protoplasm, 
and  with  a  long  duration  of  vitality.  It  often  is  found,  however,  that  on 
such  media  spores  are  less  normal  than,  for  instance,  on  a  hard  agar. 

Presence  of  the  epidermis  on  the  stem  and  tuber  plugs  seems  to  favor 
production  of  fewer  but  better  developed  sporodochia,"  and  often  lessens 
development  of  aerial  mycelium.  * 

Certain  media,  such  as  boiled  rice,  give  a  color  that  is  typical  for  certain 
related  Fusaria. 

EFFECT  OF  LIGHT  AND  OF  REACTION  OF  THE  MEDIUM  ON  DIFFERENT 
CHARACTERS  OF  FUSARIA 

As  was  stated  in  the  introduction,  very  little  systematic  work  has  been 
done  on  the  ecology  of  the  Fusaria.  The  few  things  which  have  been 
found  by  other  workers  and  by  the  writer,  and  which  have  some  value 
in  the  determination  of  these  fungi,  may  be  summed  up  briefly  as  follows: 

1.  A  diffuse  daylight  may  affect  color  production  considerably  (Smith 
and  Swingle,  1904:48-49),  but  in  most  cases  the  effect  is  only  slight  or 
there  is  almost  none.  It  usually  intensifies  the  colors  produced  by  these 
fungi.  A  very  strong  light  often  makes  the  colors  somewhat  duller,  espe- 
cially in  the  case  of  Fusaria  producing  bright  red  colors,  these  being  turned 
toward  brown  hues.  No  noticeable  effect  of  the  light  was  observed  on 
other  characters  of  these  fungi,  although  Appel  and  WoUenweber  are  of 
the  opinion  that  the  spores  are  of  a  more  normal  t3rpe  in  the  light  than 
in  the  dark. 

2.  According  to  Appel  and  WoUenweber  the  reaction  of  the  medium 
has  an  especially  noticeable  effect  on  blue  colors,  which  can  appear  only 
in  a  medium  of  neutral  or  rather  alkaline  reaction.  The  blue  color  in  a 
medium  of  an  acid  reaction  will  appear  as  orange.   True  red  colors  remain 

"Tfau  obaervatioD  U  apparently  in  aooie  eontradiction  to  the  obeervationa  of  Appel  and  WoUenweber 
{1910:12-13),  but  indeed  it  is  not  ao;  beoaiiae,  judging  by  the  "  artificial  '*  media  actually  used  by  them, 
their  observation  of  unfitnesB  of  such  media  for  study  oi  "  normal "  growth  of  the  Fusana  was  based  on 
"  soft  '*  agars  too  rich  in  sugar.    The  writer  also  found  that  such  agars  produced  abnormal  growth. 

>*  This  was  observed  firstDy  Appel  and  WoUenweber  (1910),  and  on  this  observation  mainly  they  con- 
duded  that  the  only  way  to  study  the  Fusaria  properly  is  to  study  them  on  such  "  natural  "  media. 

M  This  was  first  obeerved  by  Appel  and  WoUenweber  (1010). 
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red  even  in  a  medium  of  an  alkaline  reaction.  The  observations  of  the 
writer,  so  far  as  they  go,  are  in  full  agreement  with  the  above  statements; 
to  which  it  may  be  added  that  certain  fungi  which  in  a  neutral  medium 
produce  a  grayish  white  aerial  mycelium  (F.  sderotioides),  in  the  same 
medium  strongly  acidified  (0.4  per  cent  by  weight  of  citric  acid)  produce 
an  aerial  mycelium  of  a  pink-vinaceous  shade.^^ 

It  was  observed  also  that  acidity  of  the  medium  lowers  the  rate  of  the 
fungous  growth  and  makes  zonation  of  the  colony  more  prominent  and 
closer.  The  retardation  of  the  growth  depends  on  the  kind  of  acid  (see 
also  Smith  and  Swingle,  1904:42,  48)  and  its  concentration;  different 
Fusaria  are  not  affected  in  the  same  degree,  some  tolerating  more  acid 
than  others  (see  also  Lewis,  1913:238). 

THE  GENUS  FUSARIXTM 

Appel  and  Wollenweber  (1910:4-12,  23-61)  present  a  very  detailed, 
critical  study  of  the  genus,  with  the  following  list  of  83mon3rms: 
Atractium  Link  pr.  p.  (1809) 
Fusidium  Link  pr.  p.  (1816  and  1825) 
Fusisporium  Link  (1824) 
Selenosporium  Corda  (1837) 
Fusoma  Corda  (1837) 
Pionnotes  Fries  (1849) 

The  description  of  the  genus  Fusarium  given  by  these  investigators, 
when  other  data  presented  by  them  are  also  taken  into  consideration 
and  using  the  terminology  of  Lindau  (1906,  1908-1909),  may  be  stated 
in  brief  as  follows: 

Hyphomycetes  of  Mucedinacea^-Hyalophragmise,  Hyalostilbacese-Phrag- 
mosporffi,  and  Tuberculariace»-Mucedineae-Phragmospor»  groups,  with 
smooth,  not  appendiculate,  mostly  sicklenshaped,  acrogenous,  noncatenu- 
late  conidia. 

The  genus  as  delimited  by  these  authors  was  to  include  also  forms 
such  as  F.  dydimum  and  F.  WiUhommiy  with  cylindrical,  one-septate  spores, 
and  bacilliform,  one-  to  five-septate  spores. 

The  writer  has  not  sufficient  material  on  hand  to  warrant  any  change 
in  the  above  characterization  of  the  genus;  but  in  the  course  of  this  work, 

tt  The  medium  used  in  the  instanoe  cited  was  potato  hard  agar  plua  5per  cent  of  glucoae.  The  cultures 
were  made  in  petri  dishes. 
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a  true  Fusarhim  never  was  observed  which  would  produce  a  typical 
ooremium^*  or  a  typical  pionnotes,*^  that  is,  the  two  fruiting  forms  on 
the  basis  of  which  the  genera  Atractium  and  Pionnotes  were  founded 
by  their  authors  and  which  are  now  reduced  to  s3monymy  by  Appel 
and  WoUenweber  because  these  investigators  find  in  the  Fusaria  certain 
structures  resembling  these  two  forms. 

That  one  of  these  forms,  Pionnotes,  is  a  distinct  form,  and  that  its 
characters  can  be  used  as  a  basis  in  a  classification  of  Fusarium-like 
organisms,  has  been  shown  lately  by  WoUenweber.  After  citing  Fusarium 
{Pionnotes)  ndum  and  its  variety  as  instances  of  the  Fusaria  without 
'' Fusszelle,"  he  (1913  c:  206)  says:  '' Beilaufig  bemerkt,  bilden  solche 
Fusarien  zusammen  mit  F.  aquaedudum  eine  gute  Section  der  Gattung, 
die  ich  Supionnotes  nenne  wegen  des  ITbergewrichtes  dieser  Sporenver- 
lagerung." 

There  is  very  little  doubt  that  a  true  coremial  form  of  fructification 
is  quite  distinct,  and  does  not  occur  in  the  species  of  Fusarium  observed 
by  the  writer. 

With  respect  to  the  present  status  of  the  genus  Fusarium,  some  recent 
changes  must  be  considered  here.  WoUenweber  (1913  a: 33)  transferred 
from  the  genus  Fusarium  to  the  genus  Ramularia  all  forms  with  conidia 
of  F.dydimum  type  when  chlamydospores  are  present.^  The  same  author 
(1913  c:  225),  somewhat  later,  also  excluded  from  the  genus  Fusarium 
forms  with  conidia  of  the  t3rpe  of  F.  WiUkommi  and  transferred  them 
into  a  new  genus,  CyUndrocarpon,**  established  for  this  purpose.  Thus, 
in  fact,  aU  forms  having  cylindrical  conidia  or  conidia  with  rounded  ends 
are  excluded  by  WoUenweber  (1913  c:  239)  from  the  genus  Fusarium. 
The  genus  Sepedonium  Link  (1809),  according  to  WoUenweber  (1913  c: 
200),  is  only  a  chlamydosporial  stage  of  Fusarium  orlkoceras. 

It  appears,  then,  from  the  study  of  the  Fusarium-Uke  organisms  of 
potatoes  (which,  on  the  whole,  represent  a  great  diversity  of  forms)  and 
also  from  a  careful  survey  of  the  genus  Fusarium  as  it  stands  in  Uterature, 
that  the  foUowing  characters  are  of  generic  value: 

M  The  terminology  which  is  uwd  here  is  the  same  as  that  of  lindau. 

17  Only  one  Fusarium-Uke  orsaziism  was  isolated  from  potatoes  which  produces  a  fruiting  layer  very 
atoailar  to  a  iMonnotes  {F,  udum  var.  Solani),  but  it  is  very  distinct  from  all  the  other  Fusaria  and  can  be 
used  rather  to  suiiport  than  to  diaprove  the  above  statement. 


*•  Ia  those  cases  m  which  chlamyoospores  are  not  present,  WoDenweber  says  the  fungi  have  a  perithecial 
stage  of  the  genus  Myoospherella. 

**  This  genus  is  to  include  only  those  forms  for  which  a  perithecial  stage  has  not  yet  been  found. 
F.  Wittkmnmi  has  been  connected  with  Neetria  gattiiifena. 
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1.  Color  of  conidia  and  mycelium,  never  of  a  plain  gray  or  black  color 
but  mostly  of  various  brilliant  hues. 

2.  Conidia  dorsiventral,*°  attenuate,  pedicellate,^^  not  appendiculate, 
smooth,  normally  not  constricted  at  the  septa,  distinctly  three-  (or  more) 
septate,*^  acrogenous,  not  in  chains.® 

3.  Conidiophores  with  single  to  irregularly  whorled  branches,  never 
truly  dichotomous  nor  of  a  strictly  penicilla  e  or  verticillate  type.  The 
conidiophores,  through  many  times  repeated  branching  or  also  by  growing 
side  by  side  with  other  conidiophores,  typically  give  rise  to  macroscopically 
observable,  dense  tufts  of  conidiophores  covered  more  or  less  deeply 
with  a  somewhat  slimy  mass  of  spores.  Such  fruiting  bodies,  tuberculate 
in  form  (sporodochia),^  may  be  with  or  without  a  plectenchymic  (=pseudo- 
parenchymic),  flat  or  wartlike  base,  without  any  differentiated  enclosure. 

4.  Chlamydospores  (endogenous,  double-walled,  resting  bodies)  terminal 
and  intercalary,  or  only  intercalary,^  or  none,  and  produced  both  by 
mycelium  and  by  spores. 

5.  Mycehum  composed  of  hyphse  which  are  always  distinctly,  but 
not  closely,  septate,  and  irregularly,  never  dichotomously,  branched,  the 
secondary  branches  usually  thinner  than  the  primary  ones;  protoplasmic 
content  of  the  mycelium  for  the  greater  part  plauily  present  and  usually 
distinctly  vacuolate.  The  rate  of  growth  in  artificial  media,  when  com- 
pared with  the  Fusarium-like  organisms  studied,  is  comparatively  high. 

It  must  be  added  here,  as  a  general  remark  to  the  characteristics  of  the 
genus  Fusarium  given  above,  that  in  this  case,  as  well  as  in  any  other 
attempts  at  classification  of  natural  phenomena,  the  boundaries  laid 
down  for  separation  of  one  group  of  phenomena  from  all  the  rest  have 
only  a  relative  value.  Thus  an  organism  may  deviate^  in  a  greater 
or  less  degree  in  one  or  a  few  of  the  characters  given  above,  and  yet,  so 

'•This  term  is  used  by  Appel  and  WoUenweber  (1910). 

^  This  term  is  used  by  Wollenweber  (1913  c).    See  his  key  on  page  219  of  reference  cited. 

"  Fosaria-like  organisms  with  one-septate  oonidia  are  rare.  Two  such  organisms  were  isolated  from 
potatoes,  and  from  over  one  himdred  and  sixty  Fusaria  recorded  by  Lindau  (1908-1909 :  517-588)  only 
seven  are  definitely  stated  to  have  one-septate  conidia;  and  of  these  seven  at  least  two  are  undoubtedly 
not  Fusaria  if  ^e  changes  made  in  this  genus  by  Wollenweber  are  considered. 

>  Microoonidia  may  be  produced  in  chains.  This  is  true  in  case  of  certain  Fusaria  of  corn  and  of 
coniferous  seedlings.  (See  Sheldon,  J.  L.  A  com  mold  [Fusarium  moniliforme  n.  sp.].  Nebraska  Agr. 
Exp.  Sta.     Rept.  17:  23-32,  fig.  1.     1904.) 

**  The  terminology  used  here  is  t^  same  as  that  used  by  Wollenweber  (1913  a :  24.  footnote). 
*  The  only  Fusarium-like  fimgus  isolated  by  the  writer  which  has  only  terminal  chlamydospores  seems 
not  to  be  a  typical  Fusarium.      (See  P.  cuneiforme,  key  and  description.) 

>  Of  course  a  true  Fusarium,  evidently,  in  no  case  can  be  of  a  plain  gray  or  black  color  (in  mycelium 
and  oonidia  as  well),  or  have  non-septate  or  cylindrical  macroconidia  with  both  ends  roimded.  (In  regard 
to  the  macro-  and  microoonidia,  see  pafse  116.)  Its  oonidia  cannot  be  appendiculate  nor  its  conidiophores 
of  a  true  verticillate  or  any  other  specifically  peculiar  type. 
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to  speak,  be  a  good  Fusarium  provided  all  other  chiracters  of  this  genus 
are  well  expressed  by  the  orgamsm. 

VARIABILITY  IN  THE  FUSARIA 

Many  of  the  morphological  and  physiological  characters  of  the  Fusaria 
show  marked  variability,,  and  at  first  seem  to  be  of  such  a  nature  as  to 
discourage  any  attempt  to  treat  these  fungi  on  a  morphological  basis. 
Thus  Smith  and  Swingle  (1904:27),  in  regard  to  their  F.  oxysporum,  say: 

" This  fungus  showed  a  number  of  very  striking  variations.     For  this 

reason  it  is  impossible  to  give  a  general  description  that  will  hold  uni- 
versally." And  after  quoting  descriptions  of  eleven  old  species  of  Fusarium 
from  potatoes, the  authors  conclude  as  follows  (1904: 51):  "Judged  by  the 
above  descriptions,  we  have  had  a  half  dozen  or  more  species  of  Fusarium 
in  our  culture  tubes,  some  of  them  'new  species,'  and  yet  all  were  the 
product  of  a  single  spore.  This  does  not  mean  that  there  have  been  in 
our  cultures  any  very  wonderful  transmutations  of  one  thing  into  another, 
but  only  that  organisms  respond  to  their  environment,  and  that  '  species 
descriptions '  of  the  kind  cited  have  not  taken  this  fact  into  consideration, 
and  consequently  are  worthless  for  scientific  purposes.  This  is  not  a  new 
idea,  but  it  is  a  fact  to  which  the  attention  of  systematic  mycologists 
might  be  directed  profitably  at  frequent  intervals." 

Sometimes  variability,  for  example  in  the  type  of  conidia,  is  so  great 
that  a  student  gives  up  hope  of  determining  the  actual  type.  Thus 
Wilcox,  Link,  and  Pool  (1913:24)  conclude  their  discussion  on  the  form 
of  the  conidia  produced  by  their  fungus^  as  follows:  "  All  sorts  of  stages 
are  shown  in  the  plate,  so  that  each  one  can  judge  for  himself,  as  it  is 
possible  that  one  who  has  studied  a  great  number  of  species  of  Fusarium 
will  be  able  to  pick  out  the  characteristic  form  which  can  be  set  aside  for 
this  particular  species." 

A  great  number  of  instances  of  variability  in  this  group  also  could  be 
cited  easily  from  the  species  presented  in  this  paper.  But  it  will  suffice 
to  state  here  only  those  instances  of  variability  which  are,  perhaps,  most 
important  and  more  or  less  common: 

1.  The  type  of  the  conidium  varies  in  many  Fusaria  from  micro-  to 

«*  p.  tuberivontm  WilooK  and  link,  whioh  aooording  to  WoUenweber  (1913  o  :  206)  ia  identical  with 
F,  triekothedoidu  Wr. 
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macroconidia,  and  both  sometimes  are  of  a  very  diverse  t3rpe  even  within 
themselves.     (See  F.  diversiaporum.) 

2.  Conidiophores  often  vary  from  mere  minute  projections  on  the  side 
of  a  hyphal  thread  to  a  complex  dendroid  structure  often  of  a  size  observable 
macroscopically. 

3.  In  the  Fusaria  for  which  production  of  sporodochia,  plectenchymic 
stromata,  or  sclerotia  is  typical,  it  sometimes  happens  that  they  are  not 
p  oduced  ev€^  under  apparently  favorable  conditions.  These  structures 
may  vary  in  size,  number,  and  form. 

4.  The  presence  or  absence  of  color  is  an  especially  variable  character. 
Changes  in  type  of  color  may  occur,  but  such  changes  are  only  apparent 
and  in  all  known  cases  can  be  explained  on  the  basis  of  the  difference 
in  the  reaction  of  the  medium  (certain  orange-red  colors  in  acid  become 
blue  in  an  alkaline  medium),  or,  when  a  typical  color  is  a  compound  one, 
the  change  may  be  due  to  the  preponderance  of  one  or  another  of  it8 
elementary  colors. 

5.  Extent  of  the  development  of  atrial  mycelium,  zonation,  rate  of 
growth,  and  character  of  the  margin  of  the  colony,  may  also  vary  to  a 
considerable  extent. 

6.  Especially  great  variation  may  take  place  in  the  relative  production 
of  the  different  types  of  conidia  and  chlamydospores. 

It  might  appear  at  first  glance  that  the  variation  of  these  fungi  is  so 
great  as  to  leave  no  firm  ground  for  morphological  treatment  of  the  group. 
And  yet  the  actual  situation  is  far  from  being  so  hopeless.  First  of  all, 
the  great  majority  of  the  variations  mentioned  above  occur,  as  did  those 
observed  by  Smith  and  Swingle  (1904:59),  under  different  environmental 
conditions;  while  the  variability  under  identical  conditions  usually  (see 
also  Lewis  1913:225)  is  very  slight.  Secondly,  the  cases  of  variability 
cited  above  are  primarily  cases  of  variation  between  presence  and  absence 
of  certain  characters  —  which  is,  after  all,  of  no  great  importance,  because 
when  a  certain  character  is  present  it  is  always  peculiar  to  a  specific  type 
of  organism  and  thus  this  organism  can  be  separated  from  others.  Then 
there  are  certain  Fusaria  which  under  almost  any  but  extreme  environ- 
mental condition  remain  nearly  the  same  throughout  (as  F.  vdum  var. 
Solani  and  F.  cuneiforme).  And  finally,  the  most  important  character 
in  the  classification  of  these  fungi  —  the  type  and  the  shape  of  the  conidia 
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—  is  after  all  sufficiently  stable  to  be  used  safely  in  a  morphological 
treatment.  Even  the  size  of  conidia,  when  a  sufficient  number  of  measure- 
ments is  made  and  averaged  and  when  only  conidia  of  the  same  t3rpe  are 
compared,  is  of  rather  surprising  uniformity  and  stability.  It  is  believed 
that  every  one  will  agree  with  these  statements  after  an  examination  of 
the  data  presented  here  in  the  descriptions  of  species. 

That  Fusaria  can  l>e  separated  on  a  strictly  morphological  basis  was 
first  definitely  demonstrated  by  Appel  and  WoUenweber. 

RELATIVE  TAXONOBilC  IMPORTANCE  OF  DIFFERENT  CHARACTERS 

Usually  the  particular  organism  and  the  prominence  and  stability  of 
a  given  character  determines  the  relative  importance  of  characters  in 
classification.  Thus,  in  certain  cases  septation  of  conidia  may  be  con- 
sidered as  the  important  character.  For  instance,  in  the  case  of  F.  dimerum 
and  F.  afine,  this  character  distinguishes  these  two  fungi  at  once  from 
all  the  other  Fusaria,  while  in  most  other  cases  it  is  not  of  such  importance. 
Presence  of  a  continuous  slimy  layer  of  spores  is  the  important  character 
in  the  case  of  F.  vdum  var.  Solani  where  this  type  of  fructification  is 
especially  prominent.  Type  of  microconidia,  when  they  are  of  typical 
occurrence  and  especially  when  they  are  of  a  peculiar  type,  as  in  the  case 
of  F.  sporotrichioides,  is  also  a  most  important  character.  Type  of 
chlamydospores  is  an  important  character  in  general  for  dividing  the 
whole  genus  into  sections,  but  it  usually  has  no  specific  value;  and  yet 
there  is  a  fungus,  F.  cuneifonney  which  can  be  set  oflf  from  all  the  rest 
because  of  its  terminal  unicellular  chlamydospores.  Color  may  vary 
considerably,  but  on  the  whole  its  type  is  stable  enough  to  be  of  con- 
siderable help  in  dividing  Fusaria  into  sections,  and  sharp  contrasts  in 
color  can  often  be  used  for  specific  differentiation. 

In  general  the  most  useful  and  evidently  sure  basis  for  a  natural  classi- 
fication of  this  group  is  the  shape  of  the  macroconidia.^'  Their  dorsi- 
ventrality,  the  form  of  their  apex  and  their  basal  ceU,  and  their  septation, 
and  also  their  size,  when  properly  used,  are  of  considerable  service  in  separa- 
tion of  species.  The  actual  working  value  of  each  character  can  be  seen 
from  the  kejrs. 

<•  Appel  and  WoUenweber  (1910 :  34)  and  WoUenweber  (1913  a :  26)  oame  to  this  ooodiuioa  long  before 
the  writer.    See  abo  LewU  (1913 :  226). 
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FORMS  OF  FRUCTIFICATION   IN   PURE    CULTURES 

Spores 
The  spores  in  the  genus  Fusarium  are  of  two  kinds:  conidia,  or  acrog- 
enous  spores,  and  chlamydospores,  or  endogenous  resting  bodies.    The 
conidia  in  turn  may  be  divided  into  two  more  or  less  distinct  tjrpes: 

(1)  macroconidia,    sickle-shaped,    three-   or  more   septate   spores;   and 

(2)  microconidia,  oval,  non-  or  only  one-  or  two-septate  spores. 

Before  the  appearance  of  Appel  and  WoUenweber's  work  (1910)  the 
existence  of  micro-  and  macroconidia  as  two  distinct  types  was  more 
or  less  generally  accepted,  but  in  that  work  it  was  concluded  (page  29) 
that  there  is  only  one  type  of  conidia.  The  latter  view  is,  of  course, 
correct  so  far  as  the  genetic  relationship  between  micro-  and  macroconidia 
goes.  Nevertheless,  the  typical  presence  of  microconidia  in  certain  closely 
related  Fusaria  and  their  typical  absence  in  others  is  characteristic. 
Besides,  whenever  they  are  present  they  have  a  comparatively  constant 
and  often  peculiar  type  of  their  own.  Thus,  they  can  be  used  as  a  good 
natural  basis  for  classification  of  these  fungi,  and  for  that  reason  must 
be  considered  as  a  type  separate  from  macroconidia. 

In  this  paper  the  term  microconidia  is  applied  to  all  nonseptate,  and  seldom 
to  one-  and  even  to  two-  or  three-septate,  conidia  of  a  different  shape  from 
that  of  the  macroconidia,  which  are  sickle-shaped  and  usually  three- or  more 
septate.     Different  forms  of  macroconidia  are  shown  in  figure  1  (page  112). 

Chlamydospores  may  be  borne  on  the  ends  of  special  lateral  branches 
of  the  myceUum  (terminal  chlamydospores),  or  they  may  be  intercalary. 
They  often  are  produced  in  the  ends  of  the  conidiophores,  in  the  conidia 
or  in  the  ends  of  special  branches  from  the  conidia.  The  chlamydospores 
are  single,  in  short  to  long  chains  or  in  more  or  less  large  clusters.  They 
are  of  common,  though  not  of  general,  occurrence,  and  in  a  number  of 
Fusaria  both  terminal  and  intercalary  chlamydospores  are  present;  in 
some  others  there  are  only  terminal,  and  in  still  others  only  intercalary 
chlamydospores  have  been  observed.  A  number  of  Fusaria  evidently 
have  no  true  chlamydospores;  they  may  possess  structures  with  dense 
content,  but  these  structures  are  not  thick,  double-walled  bodies. 

Forms  of  fructification 
Sometimes,   as   in  the   case  of   the   conidia  on   aerial  mycelium  of 
F.  trichoihecioides,  and  also  in  the  sporotrichial  form  of  F,  sporotrichioideSy 
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the  oonidia  ar^  borne  singly  and  remain  thus  in  the  form  of  a  powder. 
Usually,  however,  they  adhere  to  the  tips  of  conidiophores  for  a  time, 
forming  balls  of  variable  size.  This  may  be  the  case  with  microoonidia 
as  well  as  with  macroconidia.  In  certain  Fusaria,  such  as  F.  cuneiforme, 
and  in  all  members  of  the  section  Martiella,  these  balls  of  conidia  are 
especially  prominent;  but  they  are  very  common  also  in  the  other  Fusaria 
and  therefore  cannot  be  used  for  specific  differentiation. 

When  there  is  no  room  for  old  conidia  to  be  pushed  aside  —  that  is, 
when  the  fruiting  branches  are  very  numerous  and  close  together  — 
a  considerable  and  continuous  mass  of  spores  results;  these,  when  the  air 
is  moist,  form  a  roundish,  wartlike  heap  of  spores,  which,  with  the 
conidiophores  producing  them,  is  known  as  a  sporodochium.  When 
ihe  air  is  comparatively  dry,  the  spores  are  pushed  up  in  more  or  less 
curled,  long,  tendril-like  columns.  This  is  often  observed  especially 
in  many  cultures  on  sterilized  canes  of  red  raspberry  and  in  stem  plugs 
of  other  plants. 

Often  small  sporodochia  are  produced  on  and  strewn  all  over  the  aerial 
mycelium,  producing  a  picture  very  characteristic  for  F.  svbidcUum  and 
some  other  Fusaria.  In  other  cases  minute  and  numerous  sporodochia 
are  produced  very  close  to  or  on  the  surface  of  the  substratum,  and  when 
these  minute  sporodochia  are  very  numerous  they  form  a  nearly  con- 
tinuous, slimy  layer  of  conidia.  The  fructification  then  resembles  a 
pionnotes  and  is  called  here  pseudopionnotes.  In  one  case  a  seemingly 
true  pionnotes**  —  that  is,  a  thick,  continuous,  slimy  layer  of  spores  — 
was  observed  (in  F.  vdum  var.  SoUmi).  A  pseudopionnotes  may  be 
produced  under  aerial  mycelium  which  may  more  or  less  mask  its  macro- 
scopic appearance,  as  in  the  case  of  several  Fusaria  of  the  section  Elegans; 
but  in  certain  cases  there  is  no  aerial  mycelium  over  it,  and  the  pseudopion- 
notes remains  fully  exposed  and  characteristic  for  certain  species.  (See 
F.  metacrown,  F.  fdcalumy  and  F.  discolor  var.  svlphureum.) 

Mycelial  threads  in  many  Fusaria  often  run  parallel  and  anastomose 
more  or  less  closely,  thus  producing  a  ropelike  structure  which  may  come 
up  into  the  air  in  an  irregular  fashion  and  which  also  may  bear  more 
or  less  abundant  conidia  produced  on  side  branches.  These  ropelike 
structures  then  resemble  coremia,  which  are  colimmar  fruiting  bodies, 
typical  of  the  family  StilbacefiB.  No  true  coremia  were  observed  in 
any  of  the  Fusaria  presented  here. 

>*Tbe  definition  is  taken  from  lindau  (190^-1009 :  600). 
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A  stroma,  in  the  sense  employed  here,'^  is  the  fungous  layer  on  which 
atrial  structures  (aerial  mycelium,  conidiophores,  and  spores)  are  pro- 
duced. The  stroma  may  consist  of  more  or  less  loose  hyphse,  or  it  may 
form  a  dense  pseudoparenchymic  (plectenchymic),  continuous  sheet, 
fleck,  or  prominent  wart.  There  are  often  produced  also  roundish,  more 
or  less  wrinkled,  often  shmy,  bodies,  resembling  true  sclerotia.  They 
are  of  a  dark  blue  color,  and  among  the  Fusaria  studied  in  the  course 
of  this  work  they  were  observed  only  in  certain  species  of  the  section 
El^ans;  though  according  to  Wollenweber  (1913  a: 32)  they  are  very 
common  also  in  the  section  Roseum,  and  are  characteristic  for  one  species, 
F.  sderotium  Wr.,  of  the  section  Gibbosum. 

BfETHOD  OF  STUDY  AND   PRESENTATION 

The  method  actually  employed  in  this  work  consisted  in  the  cultivation 
of  pedigreed  strains  of  the  various  organisms  on  various  natural  and 
artificial  media.  Almost  without  exception,  all  the  strains  were  trans- 
ferred to  a  new  medium  on  the  same  day  and  the  whole  set  of  cultures 
was  kept  imder  the  same  environmental  conditions.  In  all  important 
cases  duplicate  cultures  were  employed.  For  the  inoculum,  as  far  as 
possible,  similar  material  was  used  —  that  is,  only  mature  spores  or 
only  aSrial  or  only  submerged  mycelium.  The  importance  of  the  same 
environmental  conditions  for  a  comparative  study  is  evident.  It  applies 
equally  as  well  to  the  kind  of  inocula  used,  as  it  was  found'^  that  often 
an  inoculation  made  with  spores  tends  to  better  spore  production,  and 
an  inoculation  with  myceliimi  often  results  mainly,  at  any  rate  at  first, 
in  the  production  of  mycelium. 

In  order  to  bring  all  cultures  to  the  same  stage  of  maturity  and  also 
to  assure  their  purity,  dilutions  in  poured  plates  were  made  again  and 
again  for  the  entire  set  of  the  Fusaria  (of  isolations  made  by  the  writer, 
as  well  as  of  the  organisms  obtained  in  culture  from  other  sources),  and 
then  new  transfers  were  made  from  colonies  about  two  days  old  pro- 
duced in  the  plat^. 

In  the  macroscopical  examination  of  the  culture,  special  attention  was 
given  to  the  presence  or  the  absence,  and  the  character,  of  atrial  mycelium; 
to  the  kind  of  fructification  layer  (pionnotes-like,  sporodochial,  and  so 
forth) ;  to  the  color  of  spores,  of  aerial  and  submerged  mycelium,  and  of 

>*  A  sliffhtly  different  definiiion  of  stroma  is  given  by  WoUenweber  (1013  a: 24.  footnote). 
"  See  Aiypel  and  WoUenweber  (1010 :  13),  and  also  Lewis  (1013 :  200).    The  same  was  frequently  found 
to  be  the  case  also  in  the  course  of  this  work. 
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subetratum;  and  to  the  production  of  special  structures  such  as  plecten- 
chymic  stromata  and  sclerotia. 

In  the  microscopical  study,  the  different  types  of  conidia,  chlamydo- 
spores,  and  conidiophores  received  special  attention.  The  observations 
were  recorded  by  means  of  camera  lucida  drawings'*  and  necessary 
measurements. 

When  measurements  were  of  any  importance,"  ten  conidia  (or  chlamydo- 
spores)  were  measured  and  only  the  average  and  the  extremes  of  these 
measurements  were  recorded.  In  cases  of  special  variability  of  the 
material,  records  were  made  of  fifteen  or  twenty  spores  of  each  important 
type  of  septation  and  shape. 

In  making  camera  lucida  drawings,  care  was  taken  to  picture  the  apical 
and  the  basal  ends  of  the  conidia  with  the  utmost  accuracy;  every  kind 
of  conidium  occurring  in  a  culture  was  drawn,  but  the  typical  and  the 
exceptional  cases,  as  they  appeared,  were  marked  off. 

As  a  rule,  measurements  and  drawings  usually  were  made  of  the  conidia 
taken  from  sporodochial  or  pionnotes-like  masses  of  them,  because  such 
conidia  on  the  whole  are  more  uniform  and  typical  for  a  given  organism. 
Here  it  should  be  noted  that  for  the  measurements  and  drawings  it  is 
highly  important,  at  least  in  case  of  very  closely  related  organisms,  to 
use  material  analogous  in  all  respects  —  age,  type  of  fructification,  and 
environmental  condition. 

The  fungi  were  studied,  not  only  on  different  media,  but  also  at  different 
stages  of  their  growth.  The  latter  factor  is  almost  as  important  as  the 
former,  because  in  certain  cases,  as  in  F.  angu&tum,  conidia  in  the  best 
condition  (most  regular,  and  so  forth)  were  observed  when  the  cultures 
were  very  young.  Some  characters,  however,  become  manifest  only 
after  a  cultiure  has  reached  a  certam  stage  of  maturity.  This  is  often  the 
case  with  chlamydospores  and  color  production.  Sclerotia  often  appear 
in  comparatively  old  cultures  and  continue  to  grow  for  some  time. 

The  presentation  of  the  species  of  Fusarium  is  based  on  the  following 
main  principles: 

AD  drawings  (with  only  a  few  exceptions)  are  intentionally  made  to 
the  same  scale  as  those  of  Appel  and  WoUenweber  —  thus  far  the  one 

*>  AU  drawioci  were  made  from  liying  material  mounted  in  water,  and,  with  a  few  exoeptions,  with  an 
oil  immeraion  lens.  In  order  to  prevent  movement  of  the  epores  in  water,  it  is  necessary  first  to  use  just 
enough  water  to  keep  air  from  underneath  the  cover  ^ass,  and  then  to  spread  around  the  cover  glass  some 
oi^  sobstanoe,  as  oedar  oil,  which  does  not  dissolve  in  wster  and  which  does  not  dry  out  qmckly. 

■  A  nnmber  of  fields  shoukl  be  examined  before  measuring  in  order  to  see  the  prevailing  type,  and  then 
mMMurementa  of  the  conidia  of  the  prevailing  type  should  be  taken.  This  leaves  much  to  personal  inter- 
pretation, but  otherwise  it  would  be  necessary  to  take  many  more  measurements. 
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fundamental  work  on  this  subject'*  —  so  that  comparison  can  be  made 
easily.  The  drawings  represent  all  types  of  conidia,  abnormal  ones 
included,  so  that  no  one  may  be  misled  by  types  actually  observed  by  him 
and  by  those  given  here.  This  might  easily  be  the  case  if  only  normal 
material  were  presented,  because  our  understanding  of  what  is  normal  is 
very  relative,  is  often  too  broad,  and  seldom  corresponds  to  the  things 
as  they  are.  The  particular  forms  that  seemed  to  be  normal  are  indicated 
by  the  drawings  in  figure  1  (page  122). 

Usually  no  attempt  was  made  to  represent  the  structure  of  the  cell 
content,  because  it  was  not  considered  of  taxonomic  value.  In  those 
few  cases  in  which  the  structure  of  the  plasma  seemed  to  be  characteristic 
it  is  shown  in  a  very  approximate  way. 

The  microscopical  character  of  the  myceliimi,  so  far  as  observed  by 
the  writer,  cannot  be  used  for  specific  differentiation  of  these  fungi;  there- 
fore no  attention  has  been  given  it,  either  in  drawings  or  in  measurements, 
except  in  a  very  few  instances  when  certain  striking  peculiarities  have  been 
so  recorded  (Figs.  34m  and  43l). 

In  giving  measiu^ments  of  the  size  of  spores,  it  was  considered  neces- 
sary, first,  to  give  an  average  size  for  conidia  from  a  particular  culture, 
as  well  as  the  average  of  the  measurements  for  the  entire  series  of  cultures. 
Thus  the  measurements  have  a  definite  meaning  and  are  comparable 
with  one  another,  provided  the  oneasurements  are  taken  separately  for 
each  type  of  spore. 

In  arranging  the  species  according  to  their  relationship  it  was  found 
convenient  to  follow  WoUenweber's  example  (1913  a: 26-27),  and  divide 
all  the  Fusaria  into  sections.  Most  of  the  sections  are  the  same  as  those 
of  WoUenweber,  but  because  of  some  organisms  presented  here  that  could 
not  be  placed  in  any  of  his  sections,  certain  new  sections  have  been  estab- 
lished provisionally. 

In  connection  with  taxonomic  study  and  presentation  of  the  Fusaria, 
it  is  necessary  to  discuss,  at  least  briefly,  the  conception  of  the  so-called 
normal  culture.  The  observations  of  the  writer  in  this  regard  are  princi- 
pally of  the  same  nature  as  those  of  Appel  and  WoUenweber  (1910:21-22) 
and  can  be  summarized  as  follows: 

1.  A  culture  can  be  in  the  state  of  imdevelopment  (AnkuUur)  when 
the  growth  shows  myceliimi  to  the  entire  exclusion  of,  or  to  an  abnormally 

M  It  is  firmlv  believed  that  Btondardisation  of  the  mibjeot  presented  is  espeoUIly  important  in  the  study 
of  this  difficult  group  of  fungi. 
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poor  production  of,  spores;  other  forms  normally  present  in  the  culture 
may  also  be  absent.  This  state  of  culture  may  sometimes  exist  when  a 
fungus  is  transferred  from  a  mycelial  growth,  especially  when  it  is  taken 
directly  from  host  tissues. 

2.  A  culture  is  considered  to  be  a  normal  one  (NormkuUur)  when  all 
forms  tjrpical  to  the  fungus  —  and  especially  the  most  important  form, 
the  macroconidia  —  are  abundant,  comparatively  uniform  in  size  and 
shape,  smooth  in  outline,  and  so  forth. 

3.  After  a  long  cultivation  on  artificial  media,  a  fungus  may  lose  certain 
characters,  such  as  ability  to  produce  certain  color  and  also  its  virulence 
as  a  parasite.  Such  a  state  of  culture  is  that  of  degeneration  {AbkuUur), 
and  it  may  be  accompanied  also  by  smaller  size  and  abnormal  septation 
of  the  conidia.  (Only  loss  of  color  was  observed  by  the  writer;  the  other 
observations  are  those  of  Appel  and  Wollenweber,  1910:22.) 

4.  In  the  first  period  of  growth  of  .any  one  of  the  Fusaria,  the  first 
conidia  produced  usually  soon  begin  to  produce  new  conidia,  sometimes  on 
minute  papillae  located  directly  on  the  conidial  walls,  and  sometimes  on 
more  or  less  well-differentiated  and  well-developed  conidiophores,  the  process 
often  much  resembling  the  budding  process  in  yeasts.  In  such  young 
cultures  the  conidia  are  more  or  less  swollen,  their  contents  are  com- 
monly densely  granular,  and  septation  is  not  clear.  This  period  {Jung- 
kuUur)  may  last  from  one  to  five  or  more  days. 

.5.  After  the  period  just  described,  the  fungus,  when  in  normal  con- 
dition, produces  conidia  which  remain  for  a  greater  or  a  less  length  of 
time,  of  perfectly  smooth  outline  and  with  clear  septation.  At  this 
state  of  maturity  (HochknUur)  the  conidia  are  also  of  most  uniform  and 
typical  shape  and  size,  and  it  is  the  important  stage  for  taxonomic  study 
of  these  organisms. 

6.  Finally  there  comes  a  period  {AUkuUur)  in  which  the  conidia  begin 
to  disint^rate  through  the  process  of  self-digestion,  or  at  least  become 
of  less  uniform  and  perfect  type,  and  after  a  period  of  time  the  culture 
begins  to  lose  its  vitahty. 

These  variations  in  character  of  the  cultiu-es  show  that  only  normal 
and  mature  cultures  must  be  considered,  though  the  character  of  other 
conditions  may  also  give  some  help  in  identification.  Another  point  which 
must  be  clear  from  the  account  given  above  is  that  in  the  study  of  these 
fungi  they  must  be  grown  for  a  long  period  of  time,  under  different  cultural 
conditions  and  from  different  kinds  of  material  for  inocula.    Then,  after 
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observation  of  all  the  slages,  it  will  be  possible  to  pick  out  easily  the 
t}rpical  and  normal  one  and  base  judgment  mainly  on  that.  Most  minute 
attention  must  be  paid  to  the  shape  of  macroconidia. 

In  order  to  avoid  much  of  the  possible  confusion  in  regard  to  the  color 
production  by  the  fungi,  it  will  perhaps  be  not  out  of  place  to  mention 
again  that  a  convenient  standard  of  colors  must  be  used.  Ridgway's 
(1912)  color  standards  have  been  used  in  this  work. 

IDENTIFICATION   OF  THE   FU8ARIA  WITH  PREVIOUSLY  DESCRIBED 

SPECIES 

An  identification  of  the  Fusaria  of  potatoes  with  Fusaria  formerly 
described  as  occurring  on  other  substrata  and  even  on  potatoes,  is  in 
most  cases  impossible  or  at  least  rather  doubtful.  The  species  have  been 
described  mostly  from  material  as  it  was  collected  in  nature.  After 
what  has  been  said  in  the  foregoing  pages  about  variabUity  of  the  Fusaria, 
about  their  common  occurrence  in  different,  often  abnormal,  stages, 
about  the  necessity  of  most  minute  attention  to  the  peculiarity  of  the 
shape  of  the  macroconidia,  and  about  the  importance  of  good  drawings 
and  of  measurements  properly  made  and  presented,  it  can  easily  be  seen 
what  small  chance  there  is  of  identifying  an  organism  from  any  typical 
description  of  one  of  these  species.  The  figures  are  often  absent,  and 
when  present  they  are  either  too  schematic  or  so  inaccm^te  that  they 
might  just  as  well  be  omitted.  Any  citation  in  support  of  this  statement 
would  be  superfluous.** 

There  are  a  number  of  different  Fusaria  which  agree  with  a  certain 
description  and  therefore  might  be  considered  as  the  same  species.  At  the 
same  time  the  very  same  organism  may  have  other  characters  which, 
if  studied  alone,  would  surely  set  it  off  as  a  distinct  species.  An  extensive 
illustration  of  this  state  of  affairs  is  given  by  Appel  and  Wollenweber 
(1910:9-12),  but  the  most  impressive  case  is  that  of  Smith  and  Swingle 
(1904:50-51).  Therefore,  although  the  literature  on  the  subject  was 
fully  examined,  especially  publications  of  descriptions  supplemented  by 
any  kind  of  illustrations,  usually  no  definite  conclusion  in  regard  to  identity 
could  be  arrived  at.  Because  of  this,  and  also  because  the  most  important 
literature  is  already  Usted  in  a  few  works  on  this  subject  (especially  by 

"  Appel  and  Wollenweber  (1010 :  12)  in  this  connection  made  the  following  statement:  "  Oft  Web  uns 
daher  weiter  niohts  flbri^.  als  neue  Namen  su  geben  iind  ihnen  so  genaue  Beschreibunsen  beisufQsen. 
dasB  nunmehr  die  Arten  immer  wieder  erkannt  weiden  kdnnen/' 
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Appel  and  Wollenweber  in  1910,  and  by  WoUenweber  in  1913),  this 
literature  is  usually  not  cited  and  a  bibliography  is  omitted. 

The  condition  of  the  taxonomic  literature  on  species  of  the  genus 
Fusarium  in  general  is  characterized  by  Wollenweber  (1913  a: 41)  as 
presenting  ''  an  almost  hopeless  confusion."  The  only  favorable  exceptions 
known  to  the  writer  are  the  works  of  Wollenweber,  alone  and  in  associar 
tion  with  other  authors.  These  works  are  fully  considered  here.  In 
fact  there  is  hardly  any  diflSculty  in  recognizing  Fusaria  described  by 
Wollenweber.  Nevertheless  all  available  cultures  of  his  organisms  were 
grown  along  with  the  other  Fusaria,  and  a  thorough  comparison  of  living 
material  was  made  whenever  it  was  necessary. 

When  this  work  was  actually  completed  there  appeared  the  work  of 
Lewis  (1913)  on  certain  disease-producing  species  of  Fusarium.  The  work 
was  supplemented  also  with  WoUenweber's  list  of  the  names  for  the  fungi 
studied  by  Lewis,  and  also  with  certain  remarks  by  Wollenweber  in  regard 
to  ihe  taxonomy  of  those  organisms.  It  appeared  that  certain  of  Lewis's 
organisms  were  the  same  as  those  isolated  by  the  writer  from  potatoes. 
Cultures  of  four  Fusaria,  somewhat  resembling  certain  species  isolated 
from  potatoes,  were  obtained  by  the  writer  through  the  courtesy  of  Dr. 
Morse,  Plant  Patholc^t  in  the  Maine  Agricultural  Experiment  Station. 
On  comparison  these  four  organisms  —  F.  pirinum  (Fries)  Sacc,  F. 
congluHnana  Wr.,  F.  dtrinum'n.  sp.,  and  F.  argiUaceum  (Fries)  Sacc. — 
were  found  to  be  distinct  from  all  Fusaria  presented  here. 

SYSTEMATIC  ABRANGEBfENT  OF  THE  SPECIES  OF  FUSARIXTM   OF  POTATOES 

The  natural  key  to  the  species  and  their  arrangement  in  sections,'*  as 
given  here,  are  in  the  main  similar  to  those  of  Appel  and  Wollenweber 
(1910:59-«0)  and  of  Wollenweber  (1913  a: 28-32),  respectively.  Some 
changes  and  additions  have  been  made,  however,  in  order  to  include 
many  new  oi^^anisms. 

Variety  is  used  as  the  smallest  umt  in  the  taxonomic  treatment  of  these 
fungi.  An  organism  is  classed  as  a  variety  if  it  differs  from  the  closely 
related  species  in  only  one  character,  even  though  the  difference  be  .con- 
spicuous; the  same  treatment  holds  with  respect  to  the  organisms  that 
differ  slightly  in  a  few  characters.  When  the  differences  are  slight,  but 
in  several  important  characters,  the  organisms  are  classed  as  distinct 

•ThetafnTis  wed  by  WoUenwvber  (1013 a : 28). 
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species.     In  general  it  was  preferred  rather  to  name  a  possibly  good  species 
as  a  variety  than  to  raise  a  mere  variety  to  specific  rank. 


Fig.  1. —  Types  of  comdia  of  the  species  of  Fusarium  and  Fusarium4ike  fungi  found  on 
potatoes.  A,  Ramukaria  Solani;  b,  R.  eudidyma;  c,  R.  Magnusiana;  d,  Fusarium  affine;  e,  F. 
dimerum;  f,  F.  cuneiforme;  g,  F.  udum  var  Solani;  h,  i,  j,  F.  ferruginosum;  k,  F.  sanguineum 
var.  pallidium;  l,  m,  n,  o,  p,  F.  arthrosporioides;  q,  F.  sporotrichioides;  r,  s,  F.  arihrosporioides 
var.  oAporotrichius;  T,  F.  anguioides:  u,  F.  biforme;  v,  F.  lucidum;  w,  F.  subulatum;  x,  F.  fair- 
catum;  y,  F.  gibhosum;  z,  F.  cavjdalum  var.  Solani;  ai,  F.  huUatum;  Bi,  F.  arcuosporum;  Ci, 
Di,  El,  F.  truncatum;  Fi,  F.  lutulatum;  Gi,  Hi,  F.  angustum;  u,  Ji,  Ki,  F.  orthoceras;  u,  F.  oxysporum 
var.  resupinatum;  Mi,  F.  oxysporum  var.  longius;  Ni,  F.  oxysporum:  Oi,  F.  scUrotiMes;  Pi, 
F.  redolens  var.  Solani;  Qi,  F.  discolor;  Ri,  F.  clavaium;  Si,  Ti,  F.  subpaUidum  var.  roseum;  Ui, 
Vi,  F.  trichothecioides;  Wi,  F.  discolor  var.  triseptatum;  Xi,  Yi,  F.  Solani;  Zi,  aj,  F.  Martii;  Bt, 
F.  coenUeum;  Ct,  F.  striatum;  Ds,  F.  culmorum  var.  leteius.    Magnification  1000  Hmes 
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DICHOTOMOUS    KEY    TO    THE    SPECIES    OF    FUSARIUM  AND   FUSARIUM-LIKB 

FUNGI  OF    POTATOES 

Page 

a.  Conidia  "  not  typically'  dorsiventral,  apex  rounded,  apedicellate RAMULABIA  264 

b.  Conidia  typically  one^eptate 

c.  Average  diameter  of  one-septate   conidia   4.9  M R.  eudidyma  264 

cc.  Average  diameter  of  one-septate  conidia  3.9  M R.  Magnutiana  265 

bb.  Conidia  typically  two-septate R.  Solani  267 

aa.  Conidia  typically  dorsiventral,  apex  more  or  less  attenuate,   mostly  pedicellate 

FUSARIUM   125 
b.  Conidia  typically  one-septate,  three  or  more  septa  never  present.  .Section  Difnerum  125 

c.  Ventrally  straight F.  affine  126 

cc.  Ventrally  curved F.  dimerum  127 

bb.  Conidia  typically  three-  or  more  septate 

e.  Dorsiventrality  slight Section  Ventricosum  128 

d.-  Chlamydospores  terminal  only F.  cuneiforme  129 

dd.  Chlamydospores  terminal  and  intercalary F.  veniricosum  128 

oc.  Dorsiventrality  distinct 

d.  Conidia  apedicellate,  true  pionnotes  present. .  .Section  ^upionnotes•   F.  udum  131 
dd.  Conidia  pedicellate,  true  pionnotes  absent 

e.  Conidia  with  gradually  attenuated,  pointed  apex 
f .  Conidia  prominently  broader  in  the  middle,  apex  long  and  narrow,  most 

prominently  pedicellate Section  Gibbositm  133 

g.  DorsaUy  more  or  less  hyperbolic. . . ! F.  gibbosum  133 

gg.  DorsaUy  more  or  less  elliptic 

h.  Atrial  mycelium  poorly  developed,  fruiting  layers  in  form  of  a  pseu- 

dopionnotes F  falccUum  135 

hh.  Aerial  mycelium  well  developed 

i.  Conidia  typically  five-«eptat€ F.falcatum  var.fuscum  138 

ii.  Conidia  typically  five-  to  seven-septate F.  caudatum  var.  Solani  140 

ff.  Conidia  of  about  equal  diameter  for  a  more  or  less  considerable  part  of 
their  length,  apex  not  very  long 
g.  Conidia  typically  five-septate;  typical  color  of  conidia!  masses  red,  of 
substratum  pink   to  orange   and   brown-red;    no  terminal  chlamy- 
dospores 
h.  Chlamydospores  absent 

i.  Microconidia  t3rpically  absent Section  Roseum  142 

j.  Blue  sclerotia  present F.  acuminatum  142 

jj.  Blue  sclerotia  absent 

k.  Conidia  tjrpically  in  pseudopionnotes;  atrial  mycelium  weakly 

developed  or  absent F.  metacroum  143 

kk.  Conidia  t3rpically  in  distinct   sporodochia;   aerial    mycelium 
well  developed 
1.  Sporodochia  small,  borne  on  atrial  mycelium  and  without 

plectenchymic  base F.  svbiUatum  147 

II.  Sporodochia  large,  with  plectenchymic  base 

m.  Six-septate  conidia  typically  present F.  effusum  151 

mm.  Six-septate  conidia  typically  absent 

n.  Five-septate  conidia  dominant  type F.  lucidum  157 

nn.  Three-  and  five-septate  conidia  about  equally  present, 

or  three-septate  dominant F.  truncatum  155 

"  The  term  conidia  is  ufled  here,  in  thia  key  »iid  elsewhere,  in  the  sense  of  maorooonidia. 


Digitized  by  VjOOQ IC 


124  C-  ^-  Sherbakofp 

ii.  Microconidia  ^ically  present,  ugually  spindle-ehaped,    non-to 

.  three-«eptate Section  Arthrosporiella  161 

j.  Six-  to  aeven-eeptate  oonidia  typically  present,  at  least  in  peeudo- 
pionnotal  stage 
k.  Distinct  sporodochia  present 
1.  Substratum  and  aSrud  mycelium  near  it  typically  of  carmine 

hues,  causal  layer  of  atrial  mycelium  pink F.  biforme  166 

11.  Substratum  of  a  clay  color,  aerial  mycelium  white 

F.  dwersisporum  161 
kk.  No  conspicuous  sporodochia,  fruiting  layer  on  moist  media 

commonly  in  form  of  a  pseudopionnotes F.  anguiaidea  169 

jj.  Six-  to  seven-septate  conidia  absent F.  arthroeporioides  175 

hh.  Chlamydospores  present,  typically  intercalary  only 

i.  Microconidia  present,  pynf orm J3ection  Sporotrichiella  183 

F.  sporoirichioides  183 

ii.  Microconidia  absent  or  not  pyriform Section  Ferrugino^iim  186 

j.  Typical  macroconidia  of  about  eqiuU  diameter  for  a  considtfi^le 
length,  or  not  prominently  broader  in  the  middle,  in  some  cases 
approaching  the  subulatum  type,  much  curved 
k.  Chlamydoepores  typically  only  in  mycelium 
1.  Chlamydospores  sparse,  never  in  masses  nor  in  long  chains. . 

F.  €arctu)sporum  186 
11.  Chlamydospores  typically  abundant,  conmionly  in  masses  of 

long  chains  and  in  clusters F,  ferruginonun  190 

kk.  Chlamydospores  also  in  conidia  or  in  conidia  only 

F.  tanifuineum  193 
jj.  Macroconidia  typically  noticeably  broader  at  the  middle,  not 

ve^  pointed  at  the  apex,  not  much  curved F.  huUaium  196 

gg.  Conidia  typically  threenaeptate;  typical  color  of  substratum  vinaoeous 
red  to  purplish  vinaceous;  terminal  and  intercalary  chlamydospores 

present Section  Elegans  202 

h.  Conidiophores  simple  or  only  slightly  branched 

i.  Average  macroconidia  36  M  long F.  orthocenu  202 

ii.  Average  macroconidia  45.6  M  long J*,  angustum  203 

hh.  Conidiophores  typically  much  branched 

i.  In  plate  cultures  on  neutral  potato  agar  producing  exposed  and 
distinct  pseudopionnotes 
j.  Color  of  the  pseudopionnotes  vinaceous  redJ^.  redolenB  var.  Solatd  205 

jj.  Color  of  the  pseudopionnotes  vinaceous  purple F.  lutulaium  209 

H.  No  exposed    and   distinct  pseudopionnotes  in  potato  agar  plate 
cultures 

j.  Macroconidia  typically  somewhat  broader  toward  apex 

F,  sderoHmdes  214 
jj.  Macroconidia  typically  not  broader  toward  apex. .  .F,  aseytporum  220 
ae.  Conidia  with  more  or  less  abruptly  attenuated  apex,  rounded  or  papillate 
f .  Substratum  typically  (on  glucose  agar)  carmine  red.    The  color  may  be 

yellowish,  but  never  gray,  green,  nor  blue Section  Discokir  228 

g.  Conidia  non-  to  three-septate,  rounded  at  both  ends,  of  common  type, 

numerous  (those  of  discolor  type  usually  only  few) .  .F,  trichothecioidea  229 
gg.  Discolor  t3rpe  of  conidia  common,  and  nearly  the  only  type  present 
h.  Conidial  masses  pale  cream  to  pale  pink  in  color,  adnal  mycdium  well 

developed  and  nearly  white F,  8ubpalUdum  230 
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Page 
hh.  Comdial  masses  of  pale  orange  to  dark  chocolate-red  in  color,  my- 
celium from  nearly  slightly  pinkish  to  dense  carmine  red 

i.  Conidia  much  broadened  toward  apex F.  davalum  234 

ii.  Conidia  not  or  only  slightly  broadened  toward  apex 

j.  Average  diameter  of  five-septate  conidia  from  4  to  4.4  M 

F.  dUcohr  236 

jj.  Average  diameter  of  five-septate  conidia  from  5.8  to  6.8  M 

F,  culmarum  240 
ff .  Substratum  typically  (on  a  neutral   or  not  strongly  acid  glucose  agar) 
brownish  gray,  vinaceous  red,  vinaceou3  purple,  or  blue,  but  never 

carmine  red Section  Martiella  244 

.  g.  Macroconidia  of  even  diameter  or  slightly  broader  toward  apex 

h.  Macroconidia  comparatively  long  and  narrow  (from  7.4  to  9.3  times 
longer  than  broad) 

i.  Average  three-septate  conidia  from  37  to  49  M  long F.  Martii  244 

ii.  Average  three-septate  conidia  from  34  to  35  M  long 

j.  Pseudopionnotes  on  an  agar  typically  present,  a§rial  mycelium 

poorly  developed F.  striatum  255 

jj.  Pseudopionnotes  on  an  agar  typically  absent,  a§rial  mycelium 

well  developed ^ F.  radicicola  257 

hh.  Macroconidia  comparatively  short  and  broad  (only  about  5.5  times 

longer  than  broad) F.  Sokmi  251 

gg.  Macroconidia  typically  somewhat  broader  toward  basal  end 

F.coendeum  260 

DSSPRIPTIONS  OF  SECTIONS,  GENERA,  SPECIES,  AND  VARIETIES 

FUSARIUM  Link 

link,  Mag.  Ges.  nat.  Freunde  3:10.  1824.  Saccardo,  SyU.  Fung. 
4:694.  1886.  (Cf.  Appel.  O.,  and  WoUenweber,  H.  W.,  Arb.  K.  biol.  Anst. 
Land-  u.  Forstw.  8:60-61.  1910.  WoUenweber,  H.  W.,  Phytopath. 
3:24-n50, 197-240,  fig.  1,  Pis.  i  and  m.  1913;  Ber.  deut.  Bot.  Gesell.  31 :17- 
34.    1913.    Joum.  Agr.  Research  3:251-285.    1914.) 

Hyphomycetes,  with  from  hyaline  to  bright,  but  never  plain  gray  nor 
black,  conidia  and  mycelium;  conidia  sickle-shaped,  septate  (usually 
3-  or  more  septate),  apically  pointed,  mostly  pedicellate,  not  appendic- 
ulate,  noncatenulate;  conidia  scattered  over  substratum,  in  pseudo- 
pionnotes or  in  sporodochia,  the  latter  without  or  with  from  flat  to  wart- 
like plectench3rmic  substratum,  and  always  without  any  differentiated 
enclosing  or  surrounding  structures;  conidiophores  from  simple  to  irregu- 
larly verticillate. 

I.  Section    Dimerum    n.  sec. 

Ck)nidia  dordventral,  1-septate;  chlamydospores  may  be  present. 

This  section  is  proposed  in  order  that  Fusaria  with  1-septate  conidia 
may  be  included.    The  two  species  of  this  section  are  comparatively 
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slow-growing  fungi,  with  hyaline  or  nearly  hyaline  mycelium  and  from 
hyaline  to  orange-colored  conidia.  They  appear  to  differ  in  many  wajrs 
from  typical  Fusaria,  but  the  differences  are  not  sharp  enough  to  warrant 
transferring  them  into  another  genus. 


1.  Fusarium  affine  Faut.  et  Lamb.  (Figs.  Id  and  2) 
Fautrey,  F.,  and  Lambotte,  E.,  EspftcesnouveUes  ou  rares  de  la  C6te-d'0r, 
Rev.  Myc.  Fr.  i8:68.  1896.    Saccardo,  Syll.  Fung.  14: 1125.     1899. 

Conidia  straight,  somewhat  dorsiventral  near  apex,  apedi- 
ceUate,  typically  1-septate,  10.2x2.8  (9-11.4  x  2.6-3)  m, 
usually  in  a  continuous  smooth  or  slightly  roughened, 
slimy  layer,  from  hyaline  to  pale  salmon-colored  on  a 
glucose  agar;  conidiophores  from  simple  to  sparingly 
branched,  septate;  mycelium  hyaline;  no  chlamydo- 
spores. 

Hab.  In  tubers  and  stems  of  Solatium  titberosum,  in 
greenhouse  soil,  New  York. 

This  organism  was  repeatedly  isolated  from  various 
sources  such  as  discolored  fibrovascular  bundles  of  potato 
tubers,  from  the  base  of  wilted  potato  stems,  and  from 
soil.  Its  size  is  exactly  the  same  as  that  given  by  Wol- 
ss^^-old"^  lenweber  (1913  c:229)  for  the  conidial  stage  of  Myco- 
ture  on  sligMy  sphoereUa  Solani  (E.  et  E.)  Wr.  WoUenweber's  iUustra- 
acidified  potato  Hqj^  (Plate  XXI,  fig.  n)  are  also  much  the  same,  and  he 

agar;  B,  conidia  .,         _       ^       %^      .       ^    t        t  .1  •  1.  1     ^ 

from  7-days-old  considers  F.  affine  Faut.  et  Lamb,  as  the  conidial  stage, 
w  *^(!T^  r  ^^®  strain  studied  did  not  show  any  perfect  form  in  cul- 
agar;  c,  conidia  ture,  although  it  was  gTown  for  more  than  a  year  and  on 
^S^cJt^'^^''  ^^^^^^  media.  This  organism  can  be  at  once  distinguished 
red  raspberry  from  all  the  Other  Fusaria  by  its  minute,  1-septate, 
cane  plug;  d,  nearly  straight  conidia  and  its  inconspicuous,  slow  growth. 

conidia  from  4"        -r^  1.  «  .  #.   .  .      .  1     .  * 

days-old  cylture  For  a  fuller  presentation  of  its  septation  and  size  the 
on  hard  lima-  following  detailed  measurements  are  given: 

bean  agar;    b,  °  °  • 

conidiophores       Qn  red  raspberry  cane  plug,  culture  seventy-four  dayB 

from    various  *-         ./  r-     07  j  j 

media;    p,    co-  old: 

"^^^Id^we  C^^^dia:  Q^ptate,  45  per  cent,  7  x  2.2  (3.5-9  x  1.7-2.6)m 
on  nutrient  agar  1-septate,  55  per  cent,  9  X  2.6  (6-12  X  2-3)m 


Fig.     2.—  Fusa 
rium  affine.    a, 
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On  hard  lima-bean  agar,   culture  four  days  old: 
Conidia:     0-septate,  40  per  cent 

1-septate,  60  per  cent,  10.2  x  3  (9-11  x  2.8-3.8)/* 

On  nutrient  agar,   culture  six  days  old: 
Conidia:    0-septate,  10  per  cent 

1-septate,  90  per  cent,  11.4  x  2.8  (8.7- 
13  X  2.4-3.5)/* 

Average  of  the  above  measurements: 
Conidia:    0-septate,  32  per  cent,  7  x  2.2/* 

1-septate,  68  per  cent,  10.2  x  2.8/* 

The  si2se  of  the  spores  of  F.  affine  as  given  by 
Saccardo  (10-15  x  4/*)  differs  somewhat  from  the 
above,  but  the  description  otherwise  is  so  much  the 
same  that  the  organisms  can  be  considered  iden- 
tical. 


2.  Fusarium  dimerum  Penz.  (Figs,  lu  and  3) 

Penzig,  O.,  Michelia  2:484.  1882.  Saccardo, 
Syll.  Fung.  4:704.  1886.  Lindau,  Rab.  Krypt. 
Fl.  Pilze  9:566.  1910.  Appel  and  WoUenweber, 
Arb.  K.  biol.  Anst.  Land-  u.  Forstw.  8:37,  text 
figs.  2  and  4.     1910. 

Conidia  lunar,  somewhat  pedicellate,  typically 
1-septate,  13x3.3  (12.5-13.5x3.3-3.4)/*,  often 
also  O-septate,  rarely  2-  or  3-septate,  borne  singly 
on  the  mycelium  or  forming  a  more  or  less  contin- 
uous slimy  layer,  from  hyaline  to  cinnamon-buflf 
on  glucose  agar;  mycelium  from  hyaline  to  about 
the  color  of  the  conidial  masses;  chlamydospores 
intercalary,  in  mycelium. 

Hab.  On  tubers  and  stems  of  Solatium  tuberosum  in  Germany  and  in 
Minnesota  (U.  S.  A.),  and  on  fruits  of  Citrus  medica  in  Italy. 

The  fungus  is  easily  distinguished  from  all  the  other  Fusaria  by  its  lunar, 
minute,  l-septate  conidia.  It  was  isolated  by  the  author  only  once, 
from  a  superficial  dry  rot  of  potato  tuber  received  from  St.  Paul,  Minnesota. 


Fig.  3. —  Fusarium  di- 
merum. A,  Pseudopion- 
noial  conidia  from  70- 
daya-old  culture;  b, 
conidiophorCf  c,  p8eu- 
dopionnotal  conidia, 
from  19 -days-old  cul- 
ture on  slightly  acidified 
hard  potato  agar;  d, 
conidiophore  from  70- 
days-old  culture  onpo^ 
tato  stem  plug;  e,  co- 
ntdia,  F,  conidiophore, 
from  4S-day8-old  cidture 
on  hard  limct-bean  agar 
with  2  per  cent  glucose; 
o,  chlamydospores;  h, 
conidiophores,  i,  co- 
nidia^  from  21-days-old 
culture  on  hard  lima" 
bean  agar 
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The  measurements  of  the  oonidia  in  detail  are  as  foUows: 

On  hard  potato  agar,  slightly  acidified,  culture  eighteen  days  old: 
Ck>nidia:    (Hseptate,  3  per  cent 

iHseptate,  97  per  cent,  12.6  x  3.4  (10-18  x  2.&-4.1)/i 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  forty-three  days 
old: 
Conidia:    0-septate,  12  per  cent,  10  x  3.8m 

iHseptate,  88  per  cent,  12  x  3.3  (10-18  x  3-3.6)m 

On  hard  lima-bean  agar,  culture  twenty-one  days  old: 
Conidia:    O-iaeptate,  27  per  cent,  11.5  x  3.2  (9-14  x  2.9-3.6)m 
1-^ptate,  73  per  cent,  12.6  x  3.3  (10-17  x  2.9-3.9)m 

Average  of  the  above  measurements: 
Conidia:    O-septate,  14  per  cent,  10.8  x  3.6m 
iHseptate,  86  per  cent,  12.8  x  3.3m 

The  organism  studied  is  so  much  the  same  as  F.  dimerum  originally  de- 
scribed by  Penzig,  that  it  is  considered  identical.  A  similar  organism  is 
also  reported  as  occurring  on  potato  in  Germany  (Appel  and  Wollen- 
weber,  1910:37).  The  only  peculiarity  of  the  organism  which  either  was 
not  observed  or  was  not  present  at  all  in  the  original  F.  dimerum  is  that  the 
septum  in  the  oonidia  of  the  organism  studied  is  often  and  conspicuously 
acentric. 

II.  Section  Ventricosum  Wr.,  Phytopath.  3:32 

Conidia  only  slightly  dorsiventral,  somewhat  wedge-shaped,  broader 
toward  base,  apex  somewhat  rounded,  apedicellate,  typically  3-septate; 
no  sporodochia;  chlamydospores  variable,"  always  present. 

3.  Fvsarium  verUricosum  Ap.  et  Wr. 

Wollenweber,  H.  W.,  Phytopath.  3:32,  fig.  1,  a  and  v.    1913. 

Wollenweber  describes  this  species  as  follows:  ''Conidia  never  formed 
in  sporodochia,  brownish-white  to  cream-colored,  3-septate,  29-37  x  6.76- 
7.6m;  conidiophores  bostryx-like  or  irregularly  branched,  chlamydospores 

like  those  of  the  section  El^ans.    Wound  parasite, found  in 

Europe.    Inhabits  also  Beta  vulgaris" 

The  organism  was  neither  isolated  nor  studied  by  the  writer. 

KAoGording  to  Wollenweber  the  chUmydoBpores  are  of  Elegane  type,  that  is,  terminal  and  intercalary, 
0-  to  1-  or  more  septate.  In  order  to  include  F.  cuneifortne  it  was  neoeanry  to  alter  the  characterisation 
of  the  chlamydospores  in  this  section. 
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4.  Fusarinm  cundfonne  n.  sp.  (Figs.  1  f  and  4) 

CJonidia  only  slightly  dorsiventral,  more  or  less  wedge-shaped,  broader 
toward  the  base,  with  apex  somewhat  rounded,  apedicellate,  typically 
3-fleptate,  34.7x6.6  (30-41  x  5.6-6)m,  often  0-  to  2-^ptate,  in  false 
balls,  from  hyaline  to  cream-colored;  no  sporodochia;  aerial  myceUum 
hyaline,  in  a  high  tuft  in  center,  and  short,  distinctly  zonate,  outside; 
chlamydospores  from  smooth  to  very  distinctly  warted,  sometimes  sutv 
rounded  with  a  gelatinous  capsule,  terminal  only,  typically  unicellular, 
8.2  X  7.6  (7.6-8.5  x  7.3-8.1)m. 


FiQ.  4. —  Ptuaritan  cuneiforme.  a,  Conidia  from  fdUe  haUa  of  W-days-dd  euUure  on  slightly 
acidified  hard  potato  agar;  b,  conidia  from  false  halls  from  lO-days-M  potato  agar  with  0.6 
per  cent  f^ucose;  c,  conidiophores,  d,  conidiaf  from  a  thin  layer  of  TS-days-old  culttare  on  red 
raspberry  cane  plug;  s,  eomdia  from  confluent  thin  mass  of  false  balls  of  Oi-days-old  culture 
on  hard  bean  agar;  r,  terminal  chlamydospores^  o,  conidiophore,  from  Si-days-old  cuUwre  on 
hard  lima-bean  agar;  h,  terminal  chlamydospores  of  IB-days-M  cuUure  on  slightly  acidified 
hard  potato  agar;  i,  conidia,  j,  tips  of  conidiophores  showing  beginning  of  production  of  new 
conidia,  from  S^-days-old  culture  on  hard  lima-bean  agar;  k,  conidiOf  l,  terminal  chlamydosporeSy 
from  tO-days-old  com  agar;  u,  anastomosis,  and  chlamydospore  producing  conidia  from  $4- 
days-old  cfJjture  on  hard  Hmorhean  agar;  n,  terminal  chlamydospores  from  the  same  culture 

Hab.  The  fungus  was  isolated  from  soft  rotted  potato  tubers  received 
from  Auburn,  Alabama,  and  from  Atlanta,  New  York,  always  in  association 
with  bacteria  and  other  fungi. 

Differs  from  F.  ventricosum  Ap.  et  Wr.  mainly  in  typically  0-septate 
chlamydospores  which  are  terminal  only.    There  seems  to  be  some  differ- 
ence also  in  the  shape  and  size  of  the  conidia,  which  here  are  somewhat 
more  slender. 
9 
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Latin  description. — Conidiis  parum  dorsiventralibus,  plus  minusve  cunei- 
formibus,  deorsum  latioribus,  apice  subrotundato,  apedicellatis,  typice 
3-septatis,  34.7  x  5.6  (30-41  x  5.&-6)/i,  0-2-septatis,  globis  falsis,  ex  hycdino 
"cream  color"  (R);  nuUis  sporodochiis;  aerio  mycelio hyaline,  medio  alte 
cristato,  extra  brevi  et  distincte  zonato;  chlamydosporis  levibus  vei 
maxime  distincte  verrucosis,  interdum  capsula  gelatinosa  cinctis,  tantum 
terminalibus,  typice  unicellularibus,  8.2  x  7.6  (7.6-8.5  x  7.3-8.1)/*. 

Hab.  Fungus  ex  tuberibus  mollibus  putridisque  Solani  tuberosi  ab 
Auburn,  Alabama,  et  Atlanta,  New  York,  Amer.  bor.  receptis,  semper 
una  cum  bacteriis  aliisque  fungis,  sejungebatur. 

The  measurements  of  conidia  on  different  media  are  as  follows: 
On  slightly  acidified  hard  potato  agar,  culture  sixteen  days  old: 
Conidia:    0-septate,  rare,  16  x  4/i 
1-septate,  rare,  21  x  6.2/i 

2-septate,  1  per  cent,  24  x  5.6  (20-32  x  5.2-5.8)/* 
3-septate,  99  per  cent,  35.5  x  6  (24r44  x  4.7-7.5)/* 

On  red  raspberry  cane  plug,  culture  seventy-three  days  old: 
Conidia:    0-«eptate,  12  per  cent,  14  x  6.9  (6.5-17  x  5-6.5) /i 
1-septate,  34  per  cent,  19  x  6  (15-27  x  4.8-7) /i 
2-septate,  11  per  cent,  33  x  5.9  (20-40  x  5.2-6.5)/* 
3-septate,  43  per  cent,  33  x  5.9  (20-40  x  5.2-6.5)/! 

On  hard  potato  agar,  culture  twenty-five  days  old: 
Conidia:    1-septate,  rare 

3-septate,  100  per  cent,  35  x  5.8  (24-48  x  5-6.5)/* 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  sixty-four  days 

old: 

Conidia:    O-septate,  4  per  cent 

l-ijeptate,  64  per  cent,  25  x  4.9  (12-41  x  3.5-6.5)/* 
2-septate,  22  per  cent,  28  x  5.5  (23-32  x  4.8-5.9)/* 
3-septate,  10  per  cent,  30  x  5.6  (24-38  x  4.8-6.2)/* 

On  hard  lima-bean  agar,  culture  thirty-four  days  old,  advanced  part  of 
colony  growth: 
Conidia:    O-septate,  rare 

1-septate,  17  per  cent 

2-septate,  7  per  cent 

3-septate,  76  per  cent,  31.5  x  6  (27-41  x  5.2-7.6)/* 
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On  same  culture  as  above  but  from  an  old  part  of  the  colony  growth: 
3-septate,  70  per  cent,  41  x  6  (36-46  x  6.2-7.6)/* 

Average  of  the  above  measurements: 
Conidia:    0-septate,  3  per  cent,  15  x  5m 

1-septate,  23  per  cent,  21.3  x  5.4/a 
2-septate,  8  per  cent,  26  x  5.45/4 
3-septate,  66  per  cent,  34.7  x  5.9/4 

III.  Section  Eupionnotes  Wr.,  Phytopath.  3:38,  206,  219 

Conidia  dorsiventral,  apedicellate,  nearly  cylindrical  for  the  largest 
part  or  slightly  broader  toward  apex,  typically  3-septate,  in  true  pionnotes; 
terminal  and  intercalary  chlamydospores  present.  Differs  from  all  the 
other  sections  of  Fusaria  by  true  pionnotal  fruiting  form. 

5.  FtLsarium  udum  (Berk.)  Wr. 

Syn.  Puntporium  udum  Berk.,  Ann.  Mag.  Nat.  Hist.  6:438,  PL  xiv,  fig.  28.    1841. 
Pionnotes  uda  (Berk.)  Sacc,  Syll.  Fung.  4:726.    1886. 

Cf.  Wollenweber,  Phytopath.  3:38  (footnote),  219  (key),  PL  xxi,  jfigs. 
R  and  8. 

According  to  WoUenweber's  data  and  figures,  the  conidia  are  dorsiventral 
with  somewhat  rounded  apex,  apedicellate,  typically  3-septate,  about 
33-45  X  3i5-4|i,  sometimes  4-  or  5-septate;  terminal  chlamydospores 
present. 

Hab.  On  cut  surfaces  of  oak,  elm,  and  other  trees,  also  on  Solanum 
tvberotumy  on  tulip  bulbs,  and  in  the  soil. 

6.  Fusarium  vdum  (Berk.)  Wr.  var.  Solani  n.  var.  (Figs,  lo  and  5) 
CJonidia  dorsiventral,  usually  somewhat  broader  toward   the  sUghtly 

rounded  apex,  apedicellate,  typically  3--septate,  30.2  x  4.27  (25-34  x4r4.5)/*, 
non-  to  two-«eptate  very  rare  when  mature,  4-  and  5-septate  rare,  of  from 
light  vinaceous  cinnamon  to  orange-cinnamon  hues  on  agars  rich  in  glucose  ; 
chlamydospores  usually  found  only  in  old  cultures,  terminal  and  inter- 
calary, in  conidia,  in  the  tips  of  sterigmata,  and  in  mycelium,  often  of 
dense  orange  color,  0-septate,  6  x  5.5/i;  aerial  mycelium  present  only  near 
margin  of  colony  growth,  very  loose,  short,  hyaline;  substratum  colorless 
or  approaching  the  color  of  the  conidia. 
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Hab.  On  rotted  tubers  of  Solanum  tuberosum  ^  together  with  Ramvlaria 
Solanif  Long  Island,  New  York. 

Differs  from  F.  udum  (Berk.)  Wr.  in  that  the  conidia  are  shorter  and 
thicker,  and  somewhat  broader  toward  the  apex. 

The  following  measurements  were  taken: 

On  slightly  acidified  hard  potato  agar,  culture  eight  days  old: 
Conidia:    0-  and  1-septate,  only  when  young 

3-septate,  100  per  cent,  33  x  4.25  (28-39  x  3.6-4.7)/* 


Fig.  5. —  Fusarium  ttdum  vwr.  Solani,  a,  Different  forms  of  cMamydosporea  from  85-dayB- 
old  ctUture  on  hard  potato  agar  wiih  6  per  cent  glucose;  b,  conidia  from  O-days-old  euUure  on 
hard  lima-bean  agar;  c,  conidia^  d,  conidiophores,  from  i^-days-old  culture  on  rye  straw;  e, 
conidiophores  (magnified  250  times)  from  S-days-old  culture  on  slightly  acidified  hard  potcUo 
agar;  f,  conidia  from  72-days-old  culture  on  potato  tuber  plug;  Q,  conidiaf  h,  conidiophores, 
from  S-days-old  culture  on  slightly  acidified  hard  potato  agar;  i,  conidia,  j,  K,  conidiophores ^ 
from  74-dayS'Old  culture  on  red  raspberry  cane  plug 

On  red  raspberry  cane  plug,  culture  seventy-four  days  old: 

(1)  From  an  advanced  part  of  colony  growth 
Conidia:     1-septate,  rare 

2-septate,  10  per  cent,  22  x  3.8  (19.5-24  x  3.3-4.1)/* 
3-septate,  90  per  cent,  25  x  4  (22-31  x  3.9^.6)/* 

(2)  From  an  old  part  of  colony  growth 

Conidia:    3-septate,  100  per  cent,  28  x  4/*  dominant  type 
4-septate,  rare 
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On  potato  tuber  plug,  culture  seventy-two  days  old: 
Conidia:    0-septate,  rare,  young 

1-fieptate,  5  per  cent,  mostly  young 
2-septate,  2  per  cent,  mostly  young 
3-septate,  86  per  cent,  31  x  4.4  (23-40  x  3.9-4.7) /a 
4-septate,  7  per  cent,  32  x  4.4  (28-40  x  4.1-4.7)/* 
&-septate,  rare,  35  x  4.4  (30-40  x  4-4.6)/* 

On  hard  liina-bean  agar,  culture  four  days  old: 
Conidia:    1-septate,  1  per  cent,  young 
2-septate,  4  per  cent,  31  x  4.4 
3-septate,  95  per  cent,  34  x  4.5  (25-40  x  4.1^.9)/* 
4-septate,  rare,  40  x  5.1  (only  a  few  measured) 

Average  of  the  above  measurements: 
Conidia:    0-septate,  rare  to  none 

1-septate,  1.5  per  cent,  (usually  inmiature) 
2-septate,  4  per  cent 
3-septate,  93  per  cent,  30.2  x  4.27/* 
4-^ptate,  1.5  per  cent,  36  x  4.75/* 
5-septate,  rare  to  none 

IV.  Section  Gibbosum  Wr.,  Phytopath.  3:31,  fig.  1,  l  and  m 

Conidia  with  from  hyperbolic  or  parabolic  to  elliptic  dorsal  curve, 
conspicuously  broader  in  the  middle,  with  more  or  less  long,  narrow  apex, 
prominently  pedicellate,  mostly  6-septate;  intercalary  chlamydospores 
always  present;  color  of  substratum  and  conidial  mass  typically  from 
pale  buff  to  cinnamon  and  sepia;  myceUum  from  hyaline  to  brown. 

7.  Fusarium  gibbosum  Ap.  et  Wr.  (Figs.  1y  and  6) 

Appel,  O.,  and  Wollenweber,  H.  W.,  Arb.  K.  biol.  Anst.  Land-  u.  Forstw. 
8 :  185-190,  text  fig.  10,  c  and  d.  1910.  Wollenweber,  H.  W.,  Phytopath. 
3:32,  fig.  1,M.    1913. 

Conidia  often  with  hyperbolic  dorsal  curve,  conspicuously  broader  in 
the  middle,  with  long,  narrow  apex,  prominently  pedicellate,  typically 
5-septat«,  41.6x4.6  (40-46  x  4.4-4.7)/*,  sometimes  also  0-  to  7-septate,  in 
minute  nonconverging  sporodochia  or  spreading  over  mycelium  singly, 
from  hyaline  to  hght  pinkish  cinnamon  in  color;  chlamydospores  inter- 
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calary,  always  present;  atrial  mycelium  typically  present,  short,  fine, 
medium  loose;  colony  faintly  zonate;  substratum  on  potato  agar  rich  in 
glucose,  from  pale  flesh  to  cinnamon  in  color. 

Hab.  On  stems  and  tubers  of  Solanum  tuberosum  in  Germany,  rare. 

The  organism  was  not  isolated  by  the  writer,  but  a  culture  of  it  was 
carefully  examined  on  several  different  media  with  the  following  results 
in  regard  to  spore  septation  and  size: 

On  sUghtly  acidified  hard  potato  agar,  culture  twenty-four  days  old: 
Conidia:    3-septate,  5  per  cent 

4r-septate,  16  per  cent,  32-4. 1/i 

&-septate,  80  per  cent,  43.2  x  4.6  (38-50  x  4.3-4.9) /a 


Fig.  6. —  Fusariwn  gtbbosum,  a,  Paeudopionnotal  conidia  from  lO-days-old  culture  on 
hard  lima-hean  agar;  b,  intercalary  chtamydoapores,  c,  conidia^  from  71 -days-old  culture  on 
red  raspberry  cane  plug;  d,  pseudapionnotal-  conidia  from  118-days-old  culture  on  hard  linui- 
bean  agar  with  i  per  cent  glucose;  e,  conidia  from  jt^-days-old  cidture  on  potato  stem  plug; 
r,  pseudopionnotal  conidia  from  Bi-days-old  ciUtwre  on  slightly  acidified  hard  potato  agar 

On  red  raspberry  cane  plug,  culture  seventy-one  days  old: 
Conidiar:    3-septate,  5  per  cent 
4-septate,  5  per  cent 

5-septate,  90  per  cent,  40  x  4.6  (33-46  x  4.2-5.2)m 
6-septate,  rare 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  one  hundred 
and  eighteen  days  old: 
Conidia:    4-septate,  1  per  cent 

5-septate,  94  per  cent,  37  x  4.6  (26-44  x  3.9-4.9)/* 

6-septate,  3  per  cent,  42  x  4.7/i 

7-septate,  2  per  cent 
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On  hard  limarbean  agar,  culture  ten  days  old: 
Conidia:    0-septate,  1.5  per  cent,  7.5  x  3.2  /i 

1-septate,  4  per  cent,  10  x  3.2  (7-17  x  2.7-3.5)/* 

2-septate,  very  rare 

3-septate,  4  per  cent,  27  x  4.1  (19-41  x  3.5-4.1)/4 

4-septate,  3  per  cent 

5-septate,  86  per  cent,  46  x  4.4  (35-68  x  4r4.8)/* 

6-septate,  1.5  per  cent,  52x4.5  (50-60x4.3-4.8)/* 

Average  of  the  above  measurements: 
Conidia:    0-septate,  0.5  per  cent,  7.5  x  3.2/* 
1-septate,  1  per  cent,  10  x  3.2/4 
2-septate,  very  rare 
3-septate,  4  per  cent,  27  x  4.1/* 
4-septate,  6  per  cent,  27  x  4.1/i 
5-septate,  87  per  cent,  41.6  x  4.6/* 
6-  and  7-fieptate,  1.5  per  cent,  47  x  4.6/* 

The  averages  of  Appel  and  Wollenweber's  (1910:189-190)  measure- 
ments are  as  follows: 
Ck>nidia:    3-septate,  3  per  cent,  25  x  4.5/a 

4-septate,  2  per  cent,  29  x  4.5/* 

5-septate,  59  per  cent,  42  x  4.4/* 

6-septate,  23  per  cent,  49  x  4.6/* 

7-septate,  13  per  cent,  49  x  4.7/* 

There  is  a  notable  difference  between  the  data  presented  by  the  writer 
and  those  of  Wollenweber  only  in  the  proportion  of  6-  and  7-septate 
conidia,  the  si^e  of  5-  and  of  6-  and  7-septate  conidia  being  very  much  the 
same. 

8.  Fumnumfalcatum  Ap.  et  Wr.  (Figs.  Ix  and  7) 

Appel,  O.,  and  Wollenweber,  H.  W.,  Arb.  K.  biol.  Anst.  Land-  u. 
Forstw.  8:175-185;  PI.  11,  figs.  100  to  110;  PL  iii,  fig.  9;  text  fig.  10,  a. 
1910. 

Syn.  Pvsarium  vannfectum  var.  Fin  Schikorra,  Arb.  K.  biol.  Anst.  Land-  u.  Forstw.  4: 157, 
PI.  vn,  1906;  not  F.  vannfectum  var.  Pisi  van  HaU,  Ber.  deut.  Bot.  G€flel].  21 : 4,  pi.  4, 1903. 
Wollenweber,  Phytopath.  3:31,  fig.  1,  l,  1913. 
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Conidia  often  with  parabolic  dorsal  curve,  conspicuously  broader  in 
the  middle,  with  long  and  narrow  apex,  prominently  pedicellate,  typically 
S-septate,  49.1x4.6  (43-54.5x4.6-4.7)/*,  often  3-  to  7-septate,  0-  to 
2-  and  8-septate  very  rare,  in  minute  sporodochia  more  or  less  converging 
into  pseudopionnotes,  from  buff-pink  to  cinnamon  on  hard  potato  agar 
rich  in  glucose;  intercalary  chlamydospores  always  present;  aerial  myceUum 
very  poorly  developed  or  not  developed  at  all,  leaving  sDmy  layer  exposed; 
substratum  about  the  same  color  as  the  spores. 

Hab.  Often  on  Pisum  sativum^  seldom  on  underground  part  of  stem 
of  Solanum  tvberosum,  in  Grermany,  and  cause  of  fruit  rot  of  Solanum 
lycapersicum  in  Germany  and  in  the  United  States. 


Fio.  7. —  FuMorium  fakatum.  a,  Psetuhpumnotal  conidia,  b,  chlamydospores  in  mycelium 
and  in  spore,  from  lld-days-old  culture  on  hard  lima-hean  agar  with  i  per  cent  glucose; 
c,  chlamydospores f  d,  pseudopionnotal  conidiaf  from  71 -days-old  culture  on  red  raspberry  cane 
plug;  E,  pseudopionnotal  comdia  from  4!S-days-old  culture  on  potato  stem  plug 

Differs  from  F.  gibbosum  mainly  in  having  parabolic  dorsal  curve  and 
typically  exposed  pseudopionnotes;  also  in  considerably  longer  conidia. 

The  organism  was  not  isolated  by  the  writer,  but  the  culture  was  obtained 
through  the  courtesy  of  Dr.  WoUenweber.  The  writer's  cultural  observa- 
tions in  regard  to  septation  and  size  of  spores  of  this  organism  on  various 
media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  twenty-four  da3r8  old: 
Conidia:    3-i3eptate,  3  per  cent,  28-42  x  3.5-4/*  1  /    ,        ^  ,v 

4-septate,  9  per  cent,  33^  x  3.5^/*}  ^^^^  ^  ^^^  °^^^> 
5-septate,  77  per  cent,  50  x  4.5  (43-58  x  4-5.3)/* 
6-septate,  10  per  cent,  54  x  5  (50-60  x  4.8-5.3)/* 
7-septate,  1  per  cent,  about  60-70  x  4.8-5.3/* 
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On  red  raspberry  cane  plug,  culture  seventy-one  days  old: 
Conidia:    3-septate,  2  per  cent 
4--septate,  3  per  cent 

5-septate,  90  per  cent,  43  x  4.6  (36-49  x  4-5.2)  m 
fr^eptate,  5  per  cent,  46x4.8  (43-63x4.3-5.2) /a 

On  hard  limarbean  agar  with  2  per  cent  glucose,  culture  one  hundred 

and  nmeteen  days  old: 

Conidia:    1-septate,  2.5  per  cent,  15  x  2.7/i  (only  two  measured) 
3-septate,  3  per  cent,  30  x  3.6  (10-44  x3-4.7)m 
4-septate,  5  per  cent 

6-septate,  81  per  cent,  49  x  4.7  (42-55  x  4.3-5.2) /a 
6-septate,  6  per  cent,  51  x  4.9  (45^56  x  4.6-5.2) /a 
7-septate,  2.5  per  cent,  52  x  5.2  (47-58  x  5.2) /a 
8-septate,  exceptionally  rare,  58  x  5.4  (only  one  measured) 

On  hard  limarbean  agar,  culture  eleven  dajrs  old: 
Conidia:    0-septate,  rare 

2-septate,  2  per  cent 

a-septate,  30  per  cent,  30  x  3.6  (20-40  x  3^.3) /a 

4-septate,  5  per  cent 

5-septate,  62  per  cent,  54.5  x  4.5  (43-«5  x  3.5-5.2)m 

6-^ptate,  1  per  cent,  64  x  4.8  (59-70  x  4.6-5.3)/* 

7-septate,  rare,  same  as  6-septate 

Average  of  the  above  measurements: 
Conidia:    0-septate,  very  rare 

1-septate,  0.5  per  cent 
2-septate,  0.5  per  cent,  15  x  2.7/a 
3-^ptate,  9.5  per  cent,  30  x  3.6/a 
4-septate,  5.5  per  cent 
5-septate,  77.5  per  cent,  49.1  x4.56/a 
6-septate,  5.5  per  cent,  54  x  4.9|a 
7-septate,  1  per  cent,  58  x  5.1m 
8-septate,  very  rare,  58  x  5.4/a 

Averages  of  Appel  and  Wollenweber's  (1910:184)  measurements  are  as 
follows: 

Conidia:    5-septate,  46  x  4.7m 
6-septate,  49  x  4.4m 
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The  measurements  of  the  writer  show  some  deviation  from  these,  but 
the  deviation  is  small  and  can  be  explained  entirely  by  the  fact  that  the 
writer's  measurements  were  taken  from  much  younger  cultures,  which 
usually  yield  somiewhat  longer  conidia  than  those  produced  in  old  cultures. 

9.  Fusarium  fcUcatum  Ap.  et  Wr.  var.  fuscum  n.  var.  (Fig.  8;  PI.  vii, 
fig.  8) 

Conidia  with  from  ellipsoidal  to  parabolic  dorsal  curve,  conspicuously 
broader    in    the    middle,    prominently    pedicellate,    typically  5-septate, 


Fia.  8. —  Fusarium  falcctum  var,  fuscum.  a,  Pseudopionnotal  canidiaj  b,  conidiophores, 
from  i-days-old  culture  on  hard  potato  agar;  c,  intercalary  cfUamydosporeSf  d,  pseudopionnotal 
conidia^  from  lO-days-old  culture  on  hard  bean  agar;  e,  cluster  of  intercalary  chlamydospores 
from  99-days-old  culture  on  potato  tuber  plug;  f,  intercalary  chlamydospores  in  long  chains, 
G,  conidia  with* and  withoui  chlamydospores,  from  ITS-days-old  culture  on  com  agar;  h,  young 
and  old  chlamydospores,  k,  sporodochial,  h,  alhrial,  conidia,  from  lO-days-old  culture  on  red 
raspberry  cane  plug;  u,  intercalary  and  terminal  dUamydospores,  n,  anial  conidia,  from  60- 
days-old  ctdture  on  rye  straw;  p,  typical  conidium  from  a  large  sporodochium  of  SO-days-old 
culture  on  hard  oat  agar 

45x4.6  (40-51  X  4.4-4.7) /i,  3-  and  4-septate  ones  also  present,  6-  and 
7-septate  rare,  8-septate  very  rare,  typically  in  conspicuous  plecten- 
chymic  or  aplectenchymic  sporodochia,  from  light  buff  and  honey  yellow 
to  buckthorn  and  cacao  brown,  on  potato  agar  rich  in  glucose;  chlamydo- 
spores intercalary,  always  present,  sometimes  by  their  abundance  and 
color  making  the  entire  medium  and  the  aerial  mycelium  of  a  dark  brown 
color;  aerial  mycelium  always  present,  high,  from  fine  to  medium  fine, 
more  or  less  loose,  hyaline  at  first,  later  becoming  from  tawny  olive  to 
brown;  color  of  substratum  on  agars  from  hyaline  to  that  of  the  spores. 


Digitized  by  VjOOQ IC 


FusARiA  OF  Potatoes  139 

Hab.    On  rotted  tubers  of  Solanum  ivberoswm,  New  York  State. 

Differs  from  F.  fdUxstum  mainly  by  large  sporodochia,  more  profuse 
chlamydospore  production,  well-developed  aerial  mycelium,  and  typical 
absence  of  pseudopionnotes. 

The  organism  was  isolated  only  once,  from  a  potato  tuber  slightly  rotted 
near  the  stem  end,  which  was  received  from  a  potato  grower  in  New  York. 
The  measurements  of  conidia  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  four  dsys  old: 
Conidia:^  0-  and  1-septate,  few,  very  young 

'  3-i9eptate,  4  per  cent,  38  x  4.3  (35-42  x  4.1-4.7)/* 
4-i3eptate,  6  per  cent,  41.6  x  4.4  (35-44  x  4.1-4.7)/* 
5-septate,  88  per  cent,  45.5  x  4.6  (40-49  x  4.1-4.8)/* 
6-  and  7-septate,  2  per  cent,  50-80  x  5.5/*  (only  a  few  measured) 
The  largest  5-septate  conidium  observed  measured  67  x  5.8/* 

On  red  raspberry  cane  plug,  culture  seventy-nine  days  old: 
Conidia:    3-i3eptiate,  1  per  cent 
4-septate,  4  per  cent 
5-septate,  95  per  cent,  40  x  4.7  (31-48  x  4.3-5.2)/* 

On  hard  lima-bean  agar,  culture  ten  days  old: 
Conidia:    3-septate,  3  per  cent,  34  x  4.4  (19-40  x  3.1-4.7)/* 
4-8eptate,  6  per  cent 
fr-fieptate,  91  per  cent,  45x4.4  (36-61x4-4.8)/* 

On  hard  oat  agar,  culture  twenty-nine  days  old,  from  a  sporodochium 
about  3  millimeters  in  diameter: 
Conidia:    3-septate,  2  per  cent 

4-septate,  5  per  cent 

5-8eptate,  93  per  cent,  51  x  4.6  (45-53  x  4.1-4.9)/* 

Average  of  the  above  measurements: 
Conidia:    3-septate,  2.5  per  cent,  36  x  4.3/t 
4Haeptate,  5  per  cent,  41.6  x  4.4/* 
5-septate,  92  per  cent,  45  x  4.6/* 
6-  and  7-septate,  0.5  per  cent 
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10.  Fusarium  caudatum  Wr.  var.  Solani  n.  var.  (Figs.  Iz  and  9;  PI.  iv, 
fig.  7;  PL  VI,  fig.  3) 

Conidia  with  from  parabolic  to  ellipsoid  dorsal  curve,  conspicuously 
broader  at  the  middle,  with  very  long,  narrow,  whiplike  apex,  prominently 
pedicellate,  typically  5-  to  7-septate;  measuring  on  the  average,  &-septate, 
48x4.6  (40-55  X  4.3^.7)  M,  7-septate,  64.7  x  4.6  (57-69x4.4-4.8)/*; 
rarely  in  pseudopionnotes,  typically  in  small  aplectenchymic  sporodochia, 
tinted  from  cream-buff  to  cinnamon,  clay,  and  Saccardo's  amber  in  a 


Fio.  9. —  Fv^arium  eavdatwn  var.  Solani.  a,  Pseudopionnotal  eanidiaf  b,  conidiophoreSf 
from  Q-days-old  culture  on  slightly  acidified  hard  potato  agar;  c,  pseudapionnotal  conidia  from 
SS-dayB-oii  culture  on  potato  stem  plug;  d  and  e,  chlamydospores  from  SO-days-old  culture  on 
red  raspberry  cane  plug  (magnificaUon  250  times);  f,  conidia  from  anial  sporodochium  of  118- 
days-old  culture  on  hard  limorbean  agar  with  2  per  cent  glucose;  q,  duster  of  ehlamyddpores^ 
H,  ahial  conidia^  from  SO-days-cld  cidture  on  rye  straw;  i,  sporodochial  conidia  in  oozing  cbrop  of 
liquid  from  O-days-old  culture  on  hard  lima-bean  agar;  j,  cuhrial  conidiaf  k,  intercalary  dUamydo- 
spores,  from  GO-days-old  cuUwre  on  red  raspberry  cane  plug 

plate  culture  on  a  potato  hard  agar  rich  in  glucose;  chlamydospores 
intercalary,  always  present  in  greater  or  less  abundance;  aerial  mycelium 
very  well  developed,  high,  uniform,  medium  dense,  from  hyaline  when 
young  to  sepia  in  old  cultures,  mostly  from  brownish  to  dresden  brown; 
substratum,  on  potato  agar  rich  in  glucose,  from  pinkish  buff  when  young 
to  ochraceous  tawny  and  snuff  brown  shaded  to  sepia  in  very  old  cultures. 
Hab.  On  superficial  dry-rot  spots  on  tubers  of  Solanum  tuberosum, 
Atlanta,  New  York. 
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Differs  from  F.  caudatum  Wr.  (see  Wollenweber  1914:262-263,  PL  xvi, 
fig.  m)  mainly  by  broader  conidia,  which  in  the  latter  organism  average 
only  from  3  to  4.5/i  in  diameter. 

The  organism  was  twice  isolated,  in  1912  and  in  1913,  from  superficial 
dry  rot  of  potato  tubers  collected  at  Atlanta,  New  York.  The  measure- 
ments of  conidia  on  different  media  are  as  follows: 

On  red  raspberry  cane  plug,  culture  sixty-nine  days  old: 
Conidia:    3-^ptate,  10  per  cent,  30  x  4  (26-35  x  3.5-4.5)/* 
4-septate,  5  per  cent,  34  x  4.4  (32-40  x  4-4.8)m 
5-septate,  85  per  cent,  40  x  4.8  (33-55  x  4-5.4) /i 

On  slightly  acidified  hard  potato  agar,  culture  nine  days  old: 
Conidia:    3-septate,  1  per  cent,  about  38  x  4/i  (only  a  few  measured) 
4r-septate,  8  per  cent,  about  40  x  4.2/i  (only  a  few  measured) 
5-septate,  43  per  cent,  55  x  4.3  (38-69  x  3.5-5.9)/i 
6-septate,  27  per  cent,  65  x  4.4  (55-«4  x  4.1-5.3)/* 
7-septate,  21  per  cent,  69  x  4.4  (60-85  x  4.1-5.9) /a 
8-septate,  very  rare 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  one  hundred 

and  eighteen  days  old: 

Conidia:    4-septate,  1  per  cent 

5-septate,  29  per  cent,  46  x  4.7  (43-59  x  4.3-5.2)/* 
6-septate,  32  per  cent,  53  x  4.8  (48-60  x  4.3-5)/* 
7-septate,  37  per  cent,  57  x  4.8  (50-62  x  4.7-5)/* 
8-septate,  1  per  cent,  61  x  5/*  (only  one  measured) 

On  hard  lims^bean  agar,  culture  nine  days  old: 
Conidia:    5-septate,  55  per  cent,  52  x  4.5  (45-61  x  4-4.8)/* 
6-septate,  35  per  cent,  65  x  4.7  (55-71  x  4.3-4.8)/* 
7-septate,  10  per  cent,  68x4.7  (58-78x4.3-4.8)/* 

Average  of  the  above  measurements: 
Conidia:    3-septate,  3  per  cent,  34  x  4/* 
4r-septate,  3.5  per  cent,  37  x  4/* 
5-septate,  53  per  cent,  48  x  4.6/* 
6-septate)  23.5  per  cent,  58  x  4.6/* 
7-septate,  17  per  cent,  64.7  x  4.6/* 
8-septate,  rare,  61  x  5/*  (only  one  measured) 
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V.  Section  Bosettm  Wr.  (emended),  Phytopath.  3:32,  fig.  1  n,  1913 
Conidia  broad  ellipsoid,  typically  of  an  even  diameter  for  a  consider- 
able part  of  their  length,  comparatively  narrow  (from  3.6  to  4.3/*  in  aver- 
age diameter),  always  very  gradually  attenuate  toward  both  ends,  conidia 
of  all  fruiting  forms  of  the  same  shape  and  type;  true  chlamydospores 
always  absent;  on  agars  rich  in  glucose,  from  honey  yellow  and  morocco 
red  to  Eugenia  red,  sometimes  nearly  hyaline. 

11.  Fusarium  acuminatum  Ell.  et  Ev.  emend.  Wr. 

Cf.  Wollenweber,  H.  W.,  Joum.  Agr.  Research  2:269-270,  PI.  xvi, 
fig.  G.  1914.  Fusarium  acuminatum  Ell.  et  Ev.,  Proc.  Acad.  Sci.  Phila. 
1895: 441.  Saccardo,  Syll.  Fung.  14:1125-1126.  1899.  WoUenweber's 
diagnosis  (page  269  of  reference  cited)  is  as  follows: 

'^  Conidia,  scattered,  in  sporodochia  or  in  pionnotes,  orange  in  mass. 
Conidia  average  as  follows:  5-septate,  40  to  70  by  3  to  4.5/*;  4-septate 
(less  common),  30  to  60  by  3  to  4.5/*;  3-septate,  20  to  45  by  2.75  to  4.25/*. 
Conidia  of  0-,  1-,  2-,  6-,  and  7-8eptations  are  occasionally  found.  Sub- 
normal small  conidia  may  be  mistaken  for  conidia  of  the  section  Discolor, 
but  normal  sporodochia  develop  on  repeatedly  whorl-like  branched  conidio- 
phores,  giving  the  characteristic  conidia  of  the  section  Roseum.  The 
conidia  show  in  side  view  hyperbolic  or  paraboHc  curves,  in  contrast 
to  Fusarium  metacroum  App.  and  WoUenw.,  the  conidia  of  which  are 
as  a  rule  more  nearly  straight.  Blue  globose  sclerotia,  50-70/*  thick, 
occur  and  form- a  striking  contrast  to  the  carmine  plectenchymatic  thallus 
on  starchy  media,  such  as  steamed  potato  tubers.  Both  blue  and  car- 
mine are  basic  modifications  of  the  fungus,  while  yellow  (on  rice)  is  the 
acid  one,  turning  blue  to  purple  violet  with  the  addition  of  an 
alkali. 

"  Habitat.  Occurs  on  partly  decayed  plants,  especially  on  stems, 
roots,  and  tubers,  also  on  fruits.  Found  on  Solanum,  Ipomoea,  Fagus 
(beech  nuts),  and  ImpcUiens  baUamina  in  the  United  States  of  America." 

Ellis  and  Everhart's  description  is  incomplete,  but  Wollenweber  says 
(on  page  270  of  reference  cited)  that  he  "  found .  this  fungus  so  widely 
distributed  on  potato  stems  in  the  New  England  States  that  he  feels 
justified  in  identifying  it  as  Fusarium  acuminatum"  The  writer  did 
not  study  this  fungus. 
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12.  Fuaarium  metacroum  Ap.  et  Wr.  (Fig.  10;  PI.  vu.  fig.  5) 
Appel,  O.,  and  WoUenweber,  H.  W.,  Arb.  K.  bid.  Anst.  Land-  u. 
Forstw.  8:132-141;  PL  i,  figs.  Ill  to  118;  PL  m,  fig.  8.     1910. 

Conidia  broad,  ellipsoid,  more  or  less  pointed  at  apex,  seldom  promi- 
nently pedicellate,  typically  5-septate,  53x4.1  (43-65  x  3.8-4.3)/li,  often 
3-  or  4r-septate,  seldom  0-  to  2-,  rarely  6-,  exceptionally  up  to  12-septate, 
in  minute,  more  or  less  converging,  sporodochia  forming  exposed  pseudo- 
pionnotes,  from  Corinthian  red  to  clay  color,   typically  from  dragon's- 


FiG.  10. —  Fusarium  meiacroum.  PseudopionnoUd  conidia:  a,  from  dS-daya-old  culture  on 
rye  grain;  b,  from  lO-days-M  cuUwe  on  hard  lima-bean  agar;  c,  from  S-days-old  ctdture  on 
hard  lima-bean  agar  with  t  per  cent  glucose;  d,  from  US-daya-old  culture  on  potato  stem  plug; 
B  and  Ff  from  23-days-old  culture  on  red  raspberry  cane  plug;  i  and  j,  from  U-days-M 
culture  on  sligfUly  acidified  hard  potato  agar;  k,  from  SS-days-old  cuUure  on  rye  grain,  o  and 
B,  Conidiophores  from  iS-days-old  culture  on  red  raspberry  cane  plug 

blood  red  to  brick  red;  chlamydospores  absent;  aerial  mycelium  typically 
absent;  substratum  from  madder  brown  and  brazil  red  to  russet  color; 
conidia  often  densely  granulate  with  indistinct  septation. 

Hab.  On  grains  of  Triticum  vulgaris  in  Germany  and  on  rotted  tubers 
of  Solanum  ivberosum  in  New  York  State. 

The  organism  was  isolated,  together  with  F.  dwersisporumy  from  a  rotted 
tuber  from  Long  Island.  The  two  fungi  were  growing  together,  and 
in  the  original  culture  the  mixture  appeared  to  be  a  pink  Fusarium.  The 
fungi  were  separated  by  dilution  and  remained  very -distinct  from  each 
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other.    F.  meUuroum  isolated  by  the  writer  is  in  all  respects  identical 
with  the  originally  described  organism. 

The  measurements  of  the  conidia  from  the  original  culture  when  grown 
on  various  media  are  as  follows: 

On  red  raspberry  cane  plug,  culture  twenty-three  days  old: 
Conidia:    3-septate,  42  per  cent,  46  x  3.2  (35-56  x  2.6-4.1)m 
4-septate,  28  per  cent,  50  x  3.5  (40-62  x  2.9-4.1)m 
5-septate,  30  per  cent,  60  x  3.8  (45-63  x  3.3^.3)m 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  eleven  days 
old: 

Conidia:    3-septate,  8  per  cent 
4-septate,  7  per  cent 

5-septate,  75  per  cent,  54  x  4.1  (36-«2  x  3.5-5.7)m 
6-septate  and  more,  10  per  cent,  the  largest  spore  12-septate, 
91  X  5.3m 

On  slightly  acidified  hard  potato  agar,  culture  eight  days  old: 
Conidia:    3-septate,  15  per  cent 
4-septate,  15  per  cent 
5-septate,  70  per  cent,  65  x  4.2  (55-73  x  3.8-4.8)m 

On  potato  tuber  plug,  culture  ninety-eight  days  old: 
Conidia:     1-septate,  5  per  cent,  19  x  3  (14-21  x  2.7-3.5) /x 
2-septate,  few 

3-«eptate,  10  per  cent,  36  x  3.8  (28-43  x  3.5-4.2) m 
4r^ptate,  30  per  cent,  46  x  3.9  (3ft-51  x  3.5-4.7)  m 
5-^ptate,  55  per  cent,  50  x  4  (42-63  x  3.5-4.4) m 

On  potato  stem  plug,  culture  one  hundred  and  thirteen  days  old: 
Conidia:    3-septate,  25  per  cent,  36  x  3.7  (33-39  x  3.4-3.9) m 

4-septate,  20  per  cent,  about  39  x  4/i  (only  a  few  measured) 
5-septate,  55  per  cent,  43  x  4  (38-47  x  3.5-4.2) m,  the  longest 
5-septate,  63  x  3.85m 

On  whole  steamed  potato  tuber,  culture  thirty-eight  days  old: 
Conidia:    3-septate,  40  per  cent,  42  x  3.9  (37-53  x  3.5-4.1)m 
4-septate,  35  per  cent,  45  x  4.1m 
5-septate,  25  per  cent,  54  x  4.3  (47-63  x  3.7-4.8)m 
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On  rye  grain,  culture  sixty-five  days  old: 

(1)  From  a  slimy  heap  of  conidia  1  millimeter  in  diameter 
Conidia:    3-septate,  27  per  cent,  43  x  3.8  (31-49  x  2.9-4.7)  m 

4-^ptate,  11  per  cent,  44  x  4.1  (4(^-63  x  2.6-4.8)  m 
fr-septate,  62  per  cent,  54.5  x  4.1  (43-67  x  3-5.2)m 

(2)  From  a  minute,  semi-dry  fleck  of  conidia,  culture  sixty-six  days  old 

CJonidia:    0-septate,  2  per  cent 

1-septate,  3  per  cent,  20  x  3.5  \  /     ,        r  j\ 

o       xxo  i.oooAr  Noilly  ^  few  measured) 

2-septate,  3  per  cent,  23  x  3.9  j         *^ 

3-fleptate,  65  per  cent,  32  x  3.9  (22-47  x  3.5-4.4)^ 

4-septate,  12  per  cent,  43  x  4.1  (38-48  x  3.5-4.4)m 

5-septate,  15  per  cent,  45  x  4.3  (38-48  x  3.5-4.7) m,  the  largest 

53  X  5.25m 

On  hard  limarbean  agar,  culture  ten  days  old: 
Conidia:    3-septate,  6  per  cent,  48  x  3.7/i  (only  three  measured) 
4-8eptate,  4  per  cent 
5-^ptate,  90  per  cent,  61  x  3.9  (43-68  x  3.5-4.1)m 

Average  of  the  above  measurements: 
Conidia:    0-  to  2-septate,  rare 

3-septate,  26  per  cent,  40.4  x  3.7m 
4-septate,  19  per  cent 
5-septate,  54  per  cent,  53  x  4.1m 
6-  and  7-septate,  1  per  cent 

The  averages  of  Appel  and  Wollenweber*s  measurements  are  as  follows: 
Conidia:    3-septate,  9  per  cent,  39  x  3.9m 
4-8eptate,  14  per  cent,  43  x  4.2m 
5-septate,  76  per  cent,  53  x  4.3m 
6-septate,  1  per  cent,  63  x  4.6m 

13.  Fuaarium  metacroum  Ap.  et  Wr.  var.  minus  n.  var.  (Fig.  11) 
Conidial  type  as  in  i''.  metacroum^  5-septate  conidia  54  x  3.6  (46-60  x 

3.4r-3.9)M. 

Hab.    On  stem  of  Solarium  tvberosumy  New  York  State. 

Differs  from  F.  meiacroum  by  narrower  conidia,  often  distinct  plecten- 
chyinic  substratum,  and  swellings  in  hyphse  very  similar  to  true  chlamydo- 
spores. 

10 
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The  organism  was  isolated  only  once,  from  a  half-dead  stem  of  potato 
plant  at  Atlanta,  New  York,  from  a  pseudopionnotal  spore  mass.  The 
measurements  of  the  conidia  produced  by  the  organism  on  various  media 
are  as  follows: 

On  red  raspberry  cane  plug,  culture  thirty-one  days  old: 
Conidia:     1-septate,  0.5  per  cent,  20  x  2.5/li 
2-septate,  very  few 

3-septate,  46.5  per  cent,  43  x  2.8  (23-53  x  2.3-3.5)m 
4-septate,  31  per  cent,  48  x  3.2  (40-60  x  2.3-3.5) m 
5-i3eptate,  22  per  cent,  52  x  3.4  (42-60  x  2.9-4) /n 
6-septate,  rare,  61  x  3.4/a  (only  one  measured) 


Fig.  11. —  Ftaarium  metacroutn  var.  minus,  a,  Camdia  from  1 8-day 8-old  culture  on  hard 
lima-bean  agar;  b,  conidia  from  the  original  specimen,  potato  stem,  August  7,  1912;  c,  chlamydo- 
spore-like  structures  of  hyphcB  from  26-  and  176-days-old  cultures  on  corn  agar;  d,  conidiopkore 
from  the  original  specimen,  potato  stem,  August  7,  1912;  e,  conidiophores  from  Sl-days-old 
culture  on  red  raspberry  cane  plug;  v,  conidia  producing  numerous  conidiophores  from  10-day s- 
old  culture  on  hard  lima-bean  agar;  o,  normal  conidia  from  1 0-day s-old  culture  on  hard  lima- 
hean  agar;  h,  conidiophores  from  SI -days-old  cuUure  on  red  raspberry  cane  plug;  i,  conidia 
from  SI -days-old  cuUure  on  red  raspberry  cane  plug.    AU  conidia  are  from  pseudopionnotes 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  eight  days  old: 
Conidia:    3-«eptate,  17  per  cent 
4-septate,  17  per  cent 
5-^ptate,  66  per  cent,  60  x  3.6  (53-65  x  3-4.2)m 

On  potato  tuber  agar,  culture  ninety-eight  days  old: 
Conidia:    0-septate,  5  per  cent 
1-septate,  5  per  cent 
2-septate,  rare 

3-septate,  20  per  cent,  34  x  3.5  (26-39  x  3-4)m 
^^eptate,  30  per  cent,  42  x  3.8  (36-48  x  3.5-4.1)m 
6-septate,  40  per  cent,  46  x  3.9  (40-54  x  3.5-4.1)m  . 
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On  rye  grain,  culture  sixty-five  days  old: 
Conidia:    3-septate,  20  per  cent,  41  x  3.2  (36-46  x  2.9-4)m 
4r^ptate,  17  per  cent,  48  x  3.3  (40-54  x  2.9-4)  m 
5-septate,  63  per  cent,  52  x  3.7  (40-60  x  3-4.1)m 

On  hard  limarbean  agar,   culture  ten  days  old: 
Conidia:    l-«eptate,  very  few 

3-septate,  11  per  cent,  50  x  3.3  (29-61  x  3-3.7)m 

4-septate,  4  per  cent 

5-8eptate,  85  per  cent,  60  x  3.5  (45-67  x  3.1-4)m 

Average  of  the  above  measurements: 
Conidia:    0-  to  2-septate,  2  per  cent,  20  x  2.5/a 
3-septate,  23  per  cent,  42  x  3.2ai 
4-septate,  20  per  cent 
5-septate,  55  per  cent,  54  x  3.6m 
6-septate,  very  rare,  61  x  3.4m 

14.  Fusarium  subulatum  Ap.  et  Wr.  (Fig.  Iw;  Fig.  12,  g  to  j;  PL  n, 
fig.  11;  PI.  VII,  fig.  4) 

Appel,  O.,  and  WoUenweber,  H.  W.,  Arb.  K.  biol.  Anst.  Land-  u.  Forstw. 
8:118-132,  PL  11,  figs.  65  to  87.  1910.  WoUenweber,  H.  W.,  Phytopath. 
3:82,  fig.  In.    1913. 

Conidia  slightly  elliptically  curved,  typically  of  nearly  even  diameter 
for  the  greater  part  of  their  length,  very  gradually  attenuate  toward  both 
ends,  slightly  pedicellate,  typically  5-septate,  58  x  3.64  (48-65  x  3.4-3.85) m, 
usually  in  numerous,  sometimes  converging  sporodochia  (i  to  1  millimeter 
in  diameter),  produced  near  substratum  and  lower  aef-ial  mycelium, 
from  pink-flesh  to  apricot-buff  and  from  coral  red  to  brick  red  in  color, 
with  darker  shades  in  old  moist  cultures;  chlamydospores  absent;  aerial 
mycelium  typically  present,  at  first  hyaline,  then  testaceous  color  and 
other  hues  of  red;  on  various  agars  from  vinaceous  tawny  and  madder 
brown  to  pomegranate  purple  and  Eugenia  red. 

Hab.  A  cosmopolitan  saprophyiie,  of  very  wide  occurrence  on  dead 
substrata,  in  soil  and  water,  also  parasitic  on  cereals  and  on  tubers  of 
Solanum  tuberosum. 

The  organism  was  twice  isolated  by  the  writer  from  rotted  potato 
tubers,  and  the  strains  were  compared  with  a  culture  of  the  originally 
described  organism  obtained  through  the  courtesy  of  Dr.  WoUenweber 
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and  proved  to  be  identical.    The  writer's  measurements  of  conidia  of 
the  original  strain  are  as  follows: 

On  red  raspberry  cane  plug,  culture  twenty-seven  days  old: 
Conidia:    3-septate,  10  per  cent,  55  x  2.9/i 

4-septate,  20  per  cent,  60.4  x  3  (54-76  x  2.6-3.5) m 
5-^ptate,  70  per  cent,  65  x  3.4  (57-76  x  2.6-4.1)/i 

On  potato  tuber  plug,  culture  ninety-nine  days  old: 
Conidia:    0-  to  2-septate,  none  to  very  few 

3-septate,  35  per  cent,  33  x  3.7  (27-40  x  3-4)m 
4-septate,  20  per  cent,  38  x  3.7  (32-42  x  3-4.1)m 
5-^ptate,  45  per  cent,  48  x  3.85  (42-58  x  3.5-4.1)m 
6-septate,  rare,  57  x  4/li  (only  one  measured) 


Fig.  12. —  a-f,  Fusarium  aubulatum  var.  brevius:  a,  Conidia^  b,  coniduyphore^  from  smaU 
9porodochium  of  SI -days-old  culture  on  red  raspberry  cane  pltig;  c,  sporodochial  conidia  from 
US-days-old  cuUvre  on  poUUo  stem  plug;  i>,  pseudopionnotal  conidia  from  S8-days-old  adture 
on  whole  steamed  potato  tuber;  e,  sporodochial  conidia  from  SS-days-old  cidture  on  rye  straw; 
F,  anial  conidia  from  10-days-old  cuUwre  on  hard  lima-bean  agar. 

o-j,  F.  subulatum:  o,  Sporodochial  conidia  from  SI -days-old  culture  on  red  raspberry  cane 
plug;  H,  semi-dry  conidia  from  sporodochium  of  SS-days-old  culture  on  steamed  potato  tuber; 
I,  sporodochial  conidia  from  US-days-old  ciUture  on  potato  stem  plug;  J,  sporodochial  conidia 
•  from  65-days-old  culture  on  rye  grain 

On  potato  stem  plug,  culture  one  hundred  and  thirteen  days  old: 
Conidia:    3-septate,  5  per  cent,  about  35  x  Zii  (only  a  few  measured) 
4-septate,  4  per  cent 
5-^ptate,  91  per  cent,  54  x  3.6  (47-65  x  3.2-3^9)m 

On  steamed  potato  tuber,   culture  thirty-eight  days  old: 
Conidia:    3-septate,  3  per  cent,  about  40  x  3.5/i 
4-septate,  8  per  cent,  about  48  x  3.6^1 
5-septate,  89  per  cent,  55  x  3.7  (37-63  x  3.5-3.9)m 
6-septate,  few,  same  measurement  as  5-septate 
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On  rye  grain,  culture  sixty-five  days  old: 
Conidia:    a-septate,  4  per  cent,  52  x  3.4  (42-55  x  2.9-4)m 
4r-septate,  15  per  cent,  54  x  3.5  (42-67  x  2.9-4;!)/* 
5-septate,  81  per  cent,  64  x  3.7  (45-75  x  2.9-4.2)/* 

On  hard  lima-bean  agar,  culture  ten  days  old: 
Ck)nidia:    0-septate,  rare 

2-septate,  very  rare 

a-septate,  11  per  cent,  45  x  3.1  (33-60  x  3^.5)/* 

4-septate,  19  per  cent 

5-^ptate,  70  per  cent,  60  x  3.6  (53-67  x  3.1^)/* 

9-septate,  rare,  69  x  5.7/a  (only  one  measured) 

Average  of  the  above  measurements: 
Conidia:    0-septate,  none  to  rare 

1-  and  2-8eptate,  none  to  rare 
3-^ptate,  11  per  cent,  43.3  x  3.3/* 
4-septate,  15  per  cent 
5-septate,  74  per  cent,  58  x  3.64/* 
6-  to  9-septate,  none  to  rare 

The  averages  of  Appel  and  WoUenweber's  measurements  for  the  same 
organism  are  as  follows: 
Conidia:    1-septate,  rare 

»-^ptate  \  ^  ^  /  36.5  x  3.86/* 

4-septal^   /28P^'^'^^\  51.5x3.5/* 

5-septate,  62  per  cent,  61  x  3.86/* 

6-septate,  9  per  cent,  69  x  4/i 

7-septate,  1  per  cent 
This  shows  the  5-septate  conidia  to  be  in  about  the  same  proportion 
and  of  about  the  same  size  as  found  by  the  writer. 

15.  Fusarium  subiUatwn  Ap.  et  Wr.  var.  brevius  n.  var.  (Fig.  12, 
A  to  f;  pi.  u,  fig.  12;  PI.  vu,  fig.  3) 

Conidia  and  fruiting  forms  of  the  same  t3rpe  as  those  of  F.  subuUUum; 
chlamydospores  also  absent;  5-8eptate  conidia  average  50  x  3.8  (41-58  x 
3.1-4.2)/*  in  size. 

Hab.    On  rotted  tuber  of  Solanum  tuberosum,  Ithaca,  New  York. 
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Differs  from  F.  subvlatum  Ap.  et  Wr.  mainly  in  shorter  eonidia,  absence 
of   carmine   color   in   substratum,    and    high,    better-developed,    aerial 
mycelium.®^ 
The  measurements  of  the  eonidia  on  various  media  are  as  follows: 
On  red  raspberry  cane  plug,  culture  thirty-one  days  old: 
Conidia:    3-septate,  35  per  cent,  40  x  2.7  (29-49  x  2.3-3.3)/* 
4-septate,  20  per  cent,  51  x  3  (45-53  x  2.3-3.4)^ 
5-^ptate,  45  per  cent,  55  x  3.1  (48-60  x  2.9-3.8)/* 
On  potato  tuber  plug,  culture  ninety-nine  days  old  (in  general,  spores 
more  or  less  deteriorated) : 
Conidia:     1-septate,  1  per  cent 

3-septate,  33  per  cent,  30  x  3.6  (21-42  x  3-4)/* 
4-septate,  20  per  cent,  36  x  3.9  (33-42  x  3.5-4.1)/* 
5-septate,  46  per  cent,  41  x  4  (35-48  x  3.5-4.1)/* 
6-septate,  rare,  43  x  4.1/*  (only  one  measured) 
On  potato  stem  plug,  culture  one  hundred  and  thirteen  days  old: 
Conidia:    3-septate,  67  per  cent,  34  x  3  (28-49  x  2.9-3.6)/* 
4-septate,  20  per  cent,  42  x  3.3  (37^8  x  3-3.8)/* 
5-«eptate,  13  per  cent,  44.6  x  34  (38-47  x  3-3.8)/* 
On  whole  steamed  potato  tuber,  culture  thirty-eight  days  old: 
Conidia:    3-septate,  25  per  cent,  37  x  3.8  (31-42  x  3.5-4)/* 
4-septate,  35  per  cent,  43  x  4  (36-49  x  3.5-9.2)/* 
5-septate,  40  per  cent,  47  x  4.1  (40-56  x  3.5-4.4)/* 
6-septate,  few,  52  x  4.4  (only  a  few  measured) 
On  rye  grain,  culture  sixty-five  days  old: 
Conidia:    3-«eptate,  16  per  cent,  42  x  4  (36-49  x  3.5-4.3)/* 
4-septate,  17  per  cent,  45  x  4.1  (36-^54  x  3.5-4.3)/* 
5-septate,  67  per  cent,  51  x  4.2  (43-58  x  3.7^.7)^;* 
On  hard  lima-bean  agar,  culture  ten  days  old: 
Conidia:    0-septate,  very  rare 
1-septate,  very  rare 
2-septate,  very  rare 

3-septate,  24  per  cent,  41  x  3.3  (36-48  x  3-3.5)/* 
4-septate,  20  per  cent 
5-septate,  56  per  cent,  52  x  3.9  (42-59  x  3.2-4.1)/* 

**  Thui  STOWS  straight  up  and  out  from  the  point  of  inoculation  in  a  plate  culture  on  potato  agar  in  the 
first  week  of  its  growth,  while  the  atrial  mycelium  in  F.  guimUUum  is  always  of  a  more  or  less  loose*  feltlika 
efaaracter,  uniformly  miiMiinm  short  over  the  surface  of  the  colony. 
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Oh  medium  potato  agar,  culture  ten  days  old: 
Conidia:    3-septate,  9  per  cent,  about  45  x  3.3  (only  two  measured) 
4-septate,  3  per  cent 
5-^ptate,  88  per  cent,  58  x  3.5  (47-«4  x  3.1-4)m 

Average  of  the  above  measurements: 
Conidia:    0-  to  2-septate,  absent  or  more  or  less  rare 
3-septate,  30  per  cent,  38.4  x  3.4m 
4-septate,  19  per  cent 
6-septate,  51  per  cent,  49.8  x  3.76ai 
ft-septate,  absent  to  1  per  cent,  47.5  x  4.25ai 

16.  Fusarium  efifusum  n.  sp.  (Fig.  13;  PI.  vii,  fig.  6) 

Conidia  gradually  pointed  toward  apex,  distinctly  but  not  prominently 
pedicellate,  typically  5-septate,  50  x  4.3  (44.5-57  x  3.^-4.5) /x,  often  3-  to 
7-,  seldom  1-  to  2-8eptate;  single  or  in  indistinct  pseudopionnotes  and 
in  large  (on  oats,  wheat,  and  the  like,  about  J  centimeter  in  diameter) 
plectench3rmic  sporodochia;  shape  of  conidia  of  nearly  the  same  t3rpe, 
in  all  stages  and  in  mass,  of  salmon  color  and  its  tints;  aerial  mycelium 
typically  well  developed,  though  on  an  agar  may  be  resupinate,  uniform, 
without  any  differentiated  tufts  or  strands,  from  white  to  cream  and 
tints  of  salmon  color;  substratum,  on  glucose  agar,  from  chamois  to 
morocco  red,  and  on  glucose-free  agar,  from  colorless  to  Eugenia  red; 
typical  spore  germination  by  straight,  unbranched  tubes  (Fig.  13  j); 
mycelium  in  young  colony  (Fig.  13  h)  typically  composed  of  nearly  straight, 
sparse  in  number,  and  more  or  less  regular,  branches. 

Hab.    On  dry  tubers  of  Solanum  tuberosum,  Minnesota. 

Latin  description. — Conidiis  gradatim  in  apicem  acutis,  distincte  sed 
non  insignite  pedicellatis,  typice  5-septatis,  50  x  4.3  (44.5-57  x  3.9-4.5) m, 
saepe  3-7-,  raro  1-2-septatis;  continuis  vel  in  indistinctis  pseudopionno- 
tibus  atque  in  magnis  (in  avena,  tritico,  etc.,  circa  i  cm.  diam.)  plecten- 
chymicis  sporodochiis;  conidiis  prope  eodem  in  omnibus  gradibus  typo, 
in  totum  "  salmon-color  "  (R) ;  aerio  mycelio  typice  plene  maturo,  sed  in 
agare  interdum  resupinato,  uniformi,  sine  ullis  discretis  cristis  aut  fibris, 
ex  albo  "cream  color"  (R)  "salmon  color"  (R)  vel simili colore;  substrato 
in  agare  glucoso  e  "chamois"  (R)  "morocco  red"  (R),  in  agare  non 
glucoso  ex  hyalino  "  Eugenia  red  "  (R);  sporis  per  reCtos  et  non  ramosos 
cylindros  typice  germinatis  (Fig.  13  j);  mycelio  in  colonia  juveni  ex  prope 
rectis,  sparsis,  plus  minusve  regularibus  ramis  composito. 
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Hab.  In  tuberibus  aridis  Solani  tuberosi,  Minnesota,  Amer.  bor. 

The  fungus  was  isolated  in  association  witli  F.  Solani  from  an  old  rotted 
potato  tuber  from  Minnesota.  Measurements  of  conidia  from  cultiures 
on  different  media  are  as  follows: 


Fig.  13. —  Ftuanum  ejfusum.  a,  Pseudopionnotal  conidia  from  7 -days-old  culture  on  hard 
limorbean  agar  vnth  2  per  cent  glucose;  b,  pseudopionnoial  conidia  from  IS-days-M  cvUure 
on  hard  lima-bean  agar  {rare  forms  of  conidia  shown  ai  the  center);  c,  pseudopionnotdl  cortidia, 
j}f  conidiophoreSf  from  O-days-old  cuUwre  on  medium  potato  agar;  e,  sporodochial  conidia  from 
tX-days-M  cuUvre  on  potato  tuber  plug;  f,  sporodochial  conidia  from  76-days-old  culture  on 
red  raspberry  cane  plug;  o,  typical  sporodochial  conidia  from  107 -days-old  culture  on  potato 
stem  plug;  h,  character  of  colony  growth  (magnification  80  times),  i, sporodochial  conidia,  from 
S4-days-old  culture  on  rye  grain;  j,  character  of  spore  germination  from  potato-decoction  hanging 
drop  in  van  Tieghem  cell  (magnification  80  times);  k,  l,  canidiophores,  u,  normal  conidia, 
N,  anastomosed  conidia,  o,  conldiophores,  from  S6-days-old  culture  on  com  meal 

On  slightly  acidified  hard  potato  agar,  culture  ten  days  old;  conidia 

from  pseudopionnotes: 

Conidia:    2-septate,  rare 

3-septate,  50  per  cent,  34  x  4.1  (28-47  x  3^.7)m 

4-septate,  10  per  cent,  45  x  4.2/li 

5-septate,  40  per  cent,  50  x  4.5  (42-65  x  3.5-5.3)/* 
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On  red  raspberry  cane  plug,  culture  seventy-six  days  old;  conidia  from 
a  sporodochium: 

Conidia:    3-septate,  35  per  cent,  42  x  3.3  (32-48  x  2.7-4) fi 
4-septate,  15  per  cent,  47  x  3.6  (42-53  x  3.2-4.3)  m 
5-septate,  50  per  cent,  49  x  3.9  (38-58  x  3.2-4.4)  m 
fr-septate,  very  rare 

On  hard  lima-bean  agar,  2  per  cent  glucose,  culture  seven  days  old; 
conidia  from  mycelium: 

Conidia:    1-septate,  1  per  cent 
2-fleptate,  5  per  cent 

3-«eptate,  19  per  cent,  39  x  4.2  (28-50  x  3.9-4.8)/* 
4-septate,  10  per  cent 

6-septate,  60  per  cent,  57  x  4.3  (52-72  x  4-5.3)/* 
fr^eptate,  5  per  cent,  62  x  4.7  (49-72  x  4.3-^5.3)/* 
7-«eptate,  rare,  72  x  4.3/a  (only  one  measured) 
8-septate,  exceptional,  87.5  x  5.8/*  (only  one  measured) 

On  potato  tuber  plug,  culture  twenty-four  days  old;  conidia  from  a 

sporodochium: 

Conidia:    0-septate 

1-septate,  2  per  cent 

2-septate,  1  per  cent 

3-septate,  12  per  cent,  32  x  4.3  (28-36  x  3.9-4.4)/* 

4^3eptate,  21  per  cent,  34  x  4.5  (29-41  x  4.1-4.7)/* 

6-septate,  61  per  cent,  44.5  x  4.5  (35-51  x  4.1-4.8)/* 

ft-  and  7-septate,  3  per  cent,  53  x  4.7  (49-54  x  4.3-5.2)/* 

On  potato  stem  plug,  culture  one  hundred  and  seven  days  old;  conidia 
from  a  sporodochial  mass  (spores  mostly  with  deteriorated  ends) : 
Cbnidia:    3-fieptate,  5  per  cent 

4-septate,  15  per  cent 

5-«eptate,  80  per  cent,  49  x  4  (36-63  x  3.5-4.7)/* 

On  hard   lima-bean  agar,   culture  ten  days  old;  conidia  from  agrial 
mycelium: 
Conidia:    1-septate,  rare,  21  x  3.1/*  (only  one  measured) 

3-^3eptate,  11  per  cent,  36.2  x  4  (28-42  x  3.1-4.8)/* 
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4-septate,  4  per  cent 

5-septate,  81  per  cent,  60.5  x  4.5  (3»-60  x  3.9-4.8)m 
6-septate,  4  per  cent,  56  x  4.7  (48-64  x  4.4-5.2)^ 
7-fleptate,  rare,  62  x  5.2m  (only  one  measured). 

On  the  same  medium  as  above,  culture  sixteen  dajrs  old;  conidia  from 
aerial  mycelium  and  indistinct  pseudopionnotes: 
Conidia:    1-septate,  1  per  cent,  18  x  3.5/i  (only  a  few  measured) 
2-septate,  1  per  cent,  24  x  4m  (only  a  few  measured) 
3-septate,  12  per  cent,  33  x  4  (21-44  x  2.9-4.8)m 
4-septate,  6  per  cent 

5-septate,  71  per  cent,  50  x  4.3  (38-62  x  3.5-4.7)m 
6-septate,  7  per  cent,  60  x  4,7  (55-64  x  4.5-4.8)m 
7-septate,  2  per  cent,  62  x  4.7  (59-65  x  4.4-4.8)m 

Average  of  the  above  measurements: 
Conidia:    1-septate,  less  than  1  per  cent,  18  x  3.5/i 
2-septate,  2  per  cent,  24  x  4.0m 
3-septate,  20  per  cent,  36  x  4.0m 
4-septate,  12  per  cent 
5-septate,  63  per  cent,  50  x  4.3m 
6-  and  7-septate,  3  per  cent,  68  x  4.8m 

F.  efiusum,  especially  in  its  sporodochial  stage,  much  resembles  the  fol- 
lowing other  species:  F.  svhuUjAumy  F,  hwidurny  F.  htjorme^  F,  diver- 
sisporum.  From  F.  subvlatum  it  can  be  at  once  distinguished  by  the  diam- 
eter of  the  conidia  and  by  the  larger  size  of  sporodochia.*®  From  F. 
lucidum  it  differs  primarily  by  the  common  presence  of  6-  and  7-septate 
conidia,  which  are  absent  in  F,  lucidum^  and  by  denser  red  substratum  than 
that  of  the  latter  species.  From  F.  bifonne  it  diflfers  mainly  by  absence 
of  the  long,  9-  or  more  septate,  conidia  in  pseudopionnotes,  and  also  by 
absence  of  arthrosporial  conidial  form,  the  pluriseptate  conidia  and  arthro- 
sporial  conidia  on  aerial  mycelium  being  more  or  less  common  in  F.  6i- 
forme.  From  F.  diversisporum  it  differs  by  absence  of  arthrosporial  co- 
nidia, which  are  typically  produced  on  aerial  mycelium  of  F.  diversisporum. 

M  Sporododua  of  F.  nilmlaium  as  a  rule  are  small,  but  on  whole  steamed  potato  tubers  they  may  be  as 
large  as  those  of  F.  ^utum. 
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17.  Fusarium  truncatum  n.  sp.  (Figs.  1,  Ci  to  Ei,  and  14;  PL  vii,  fig.  1) 
Conidia  typically  sickle-shaped,  gradually  pointed  toward  the  apex, 
slightly  broader  at  or  just  above  the  middle,  distinctly  pedicellate,  3-  to 
5-fleptate;  S-^septate  averaging  35  x  3,7  (31.5-42  x  3.4-3.9)/*,  5-septate 
averaging  45  x  3.9  (43-48  x  3.4-4.2)m;  from  cinnamon  and  terra  cotta  to 
carmine-pom^ranate  purple  in  color;  conidiophores  from  loose  to  dense, 
bushlike,  single  or  in  from  small  to  large  (up  to  i  centimeter  in  diameter) 
sporodochia;  aerial  mycelium  always  well  developed,  mostly  composed  of 
fine  but  macroscopically  distinct  threads,  from  white  to  slightly  carmine 
near  substratum;  color  of  substratum,  on  hard  potato  agar  rich  in  glucose, 


Fio.  14. —  Fusarium  truncatum.  a,  Sporodochial  conidia  from  SO-daya-old  ctdlvre  on  red 
ra*pberry  cane  plug;  b,  anial  conidia  from  IS-daya-old  cuUure  on  hard  potato  agar;  c,  a?rial 
conidia  {some  ivith  disHncUy  truncate  basal  cell)  from  IJ^-days-old  cuUure  on  rnedium  potato 
agar;  d,  comdiophore  from  IS-days-old  culture  on  hiard  potato  agar;  e,  sporodochial  conidia  from 
H-days-M  cuUure  on  medium  potato  agar;  f,  conidiophores  from  J^7 -days-old  cviiuxe  on  potato 
tuber  plug;  o,  sporodochial  comdia  from  37-days-old  culture  on  hard  oat  agar;  h,  conidia  from 
atrial  mycelium  from  J^7-days-dtd  culture  on  potato  tuber  plug;  i,  conidiophore  from  4-<lay8-old 
colony  in  pebri  dish  on  hard  potato  agar  unth  10  per  cent  glucose 

varies  from  pale  cinnamon  and  diffuse  salmon  hues  to  corinthian  and 
brick  red,  more  or  less  distinctly  zonate. 

Hab.    On  rotted  tubers  of  Solarium  ivberosumy  New  York  State. 

Latin  description, — Conidiis  typice  falciformibus,  gradatim  in  apicem 
acutis,  paulo  latioribus  medio  vel  subinde  supra  medium,  distincte  pe- 
dicellatis  3-5-septatis;  3-septatis  plerumque  35x3.7  (31.5-42  x3.4-3.9)/li, 
5-septatis  plerumque  45x3.9  (43-48  x  3.4-4.2) /n;  e  "cinnamon"  (R) 
et  ** terra  cotta"  (R)  "carmine"  (R)  et  "pomegranate  purple"  (R);  co- 
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nidiophoris  laxis  demum  dense,  fruticosis,  continuis  vel  in  parvis  magnisve 
(usque  ad  i  cm.  diam.)  sporodochiis;  aerio  mycelio  semper  plene  maturo, 
ex  hyphis  subtilibus  sed  macroscopice  distinctis  composito,  ex  albo  paulum 
"carmine"  (R)  prope  substratum;  substrate  in  duro  agare  glucoso  Solani 
tuberosi  e  pallide  "  cinnamon  "  (R)  et  "  salmon  color  "  (R)  diffuse  "  Corinth- 
ian "  et  "  brick  red  "  (R),  plus  minusve  distincte  zonato. 
Hab.  In  tuberibus  putridis  Solani  tuberosi,  New  York,  Amer.  bor. 

Measurements  of  conidia  from  cultures  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  thirteen  days  old;  conidia 

from  aerial  myceUum: 

Conidia:    0-septate,  7  per  cent 
1-septate,  54  per  cent 
2-8eptate,  6  per  cent 

3-septate,  22  per  cent,  31.5  x  3.75  (21-46  x  3.1-4.1)m 
4r^ptate,  4  per  cent,  40  x  4.1  (32-49  x  3.5-4.7)  m 
5-septate,  7  per  cent,  43  x  4.1  (33-53  x  3.9-4.7)  m 
6-septate,  rare,  45  x  4.5/i  (only  two  measured) 

On  potato  tuber  plugs,  culture  forty-six  days  old;  conidia  from  a  sporo- 

dochium  2  millimeters  in  diameter: 

Conidia:    3-^ptate,  63  per  cent,  37  x  3.4  (27-49  x  3-3.6)m 
4-septate,  22  per  cent,  41  x  3.7  (40-45  x  3.5-4)/t 
5-septate,  15  per  cent,  43  x  3.7  (40-45  x  3.5-4.1)m 

On  red  raspberry  cane  plug,  culture  sixty  days  old;  conidia  from  a  sporo- 
dochium  about  2  millimeters  in  diameter: 
Conidia:    3-septate,  29  per  cent,  37  x  3.9  (28-41  x  3.5-4.2)^ 
4-septate,  31  per  cent,  40  x  3.9  (35-43  x  3.5-4.2)m 
5-septate,  40  per  cent,  44  x  4  (36-46  x  3.5-4.5)/* 

On  potato  stem  plug,  culture  eighty-three  days  old;  conidia  from  a 
sporodochium  about  1^  millimeters  in  diameter  (many  of  the  conidia  much 
deteriorated) : 
Conidia:    3-fieptate,  20  per  cent 

4-septate,  16  per  cent 

5-septate,  64  per  cent,  48  x  3.4  (44-51  x  3.1-3.7)/* 


L 
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On  soft  potato  agar,  plate  culture  fourteen  days  old;  conidia  from  thick 
pseudopionnotal  mass  near  the  inoculation  point: 
Conidia:    3-septate,  20  per  cent,  42  x  3.4  (35-51  x  3-3.9)m 

4-septate,  13  per  cent 

5-septate,  67  per  cent,  50  x  3.6  (43-65  x  3.1-3.9)/i 

On  same  medium  as  above,  plate  culture  also;  conidia  from  a  small 

sporodochium  on  atrial  mycelium: 

Conidia:    0-septate,  rare 

1-septate,  3  per  cent,  16  x  3.1ai  (only  one  measured) 
^-septate,  2  per  cent,  21  x  3.5m  (only  one  measured) 
3-septate,  29  per  cent,  33  x  3.8  (22-41  x  3.3-4.2)m 
4r-septate,  19  per  cent 
5-«eptate,  47  per  cent,  45  x  4.2  (36-64  x  4-4.4)  m 

Average  of  the  above  measurements: 
Conidia:    0-septate,  about  1  per  cent 
1-septate,  about  9  per  cent 
2-septate,  about  1  per  cent 
3-septate,  about  31  per  cent,  34.8  x  3.7m 
4-septate,  about  18  per  cent 
5-septate,  about  40  per  cent,  45  x  3.9m 
6-8eptate,  very  exceptional,  45  x  4.5m  (only  two  measured) 

Conidia  of  F,  truncatum  often  have  a  pecuUar  flat  base,  and  this  species 
can  be  separated  from  all  the  other  Fusaria  of  potatoes  by  its  typically 
(though  not  always)  pom^ranate  purple  to  carmine  conidial  masses. 

18.  Fusarium  luddum  n.  sp.  (Figs.  Iv  and  15;  PL  11,  figs.  9  and  10; 
PI.  IV,  fig.  12;  PI.  VI,  fig.  12) 

Conidia  typically  ellipsoid,  very  gradually  attenuate  toward  both  ends,  * 
distinctly  but  not  prominently  pedicellate,  5-septate,  54  x  4.05  (43-63 
X  3.7-4.7)m,  salmon,  often  of  very  bright  hues,  but  paler  or  denser  in  from 
small  to  large  (up  to  i  centimeter  in  diameter)  sporodochia;  no  chlamy- 
dospores;  conidiophores  typically  more  or  less  compound,  bushlike;  my- 
celium from  white  to  pale  cinnamon  and  pomegranate  near  substratum; 
when  first  isolated  the  fungus  has  a  substratum,  on  potato  agar  without 
glucose  from  pale  pink  to  tints  of  pomegranate,  and  on  the  same  medium 
with  glucose  from  clay  to  buckthorn  brown. 
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Hab.    On  rotted  tubers  of  Solanum  tuberosum,  New  York  State. 

Diflfers  from  F.  effusum  mainly  by  absence  or  very  rare  oc'currenoe  of 
6-  and  7-septate  conidia. 

Latin  description. — Conidiis  typice  ellipeoidalibus,  maxime  in  utrosque 
terminoB  gradatim  attenuatis,  distincte  sed  non  insignite  pedicellatis, 
5-«eptatis,  54x4.05  (43-63  x  3.7^.7) m,  "salmon-color"  (R)  magnis,  in 
parvis  (usque  ad  J  cm.  diam.)  sporodochiis;  nullis  chlamydoeporis;  co- 
nidiophoris  typice  plus  minusve  compositis,  fruticosis;  mycelio  ex  albo 
"pale  cinnamon"  (R)  vel  "pomegranate"  (R)  prope  substratum;  primum 


Fig.  15. —  Fusarium  Iticidum.  a,  Sporodochial  conidiaf  B,  comdiophores^  from  J^7-day9'M 
cvJliure  on  wheat  kernels ;  c,  pseudopionnolal  conidia  from  ll-days-old  culture  on  slightly  acidified 
hard  potato  oQar;  d,  sporodochial,  e,  atrial,  conidia  from  TS-days-old  red  raspberry  cane  plug; 
V,  pseudopionnotal  conidia  from  S6-days-old  culture  on  hard  oat  agar;  Q,  sporodochial  conidia, 
H,  conidiophore,  from  W-days-M  culture  on  hard  limokAiean  agar  with  $  per  cent  glucose;  i,  pseudo- 
pionnotal conidia  from  T-days-old  culture  on  hard  lima-bean  agar  with  S  per  cent  glttcose; 
J,  sporodochial  corddia  from  Sd-days-old  culture  on  potato  stem  plug;  k,  sporodochial  conidia 
from  tJ^-days-M  culture  on  potato  tuber  plug;  h,  sporodochial  conidia  from  8Mays-old  eiUture 
on  potato  tuber  plug  (the  two  al  the  left  abnormal) 

substrato,  in  agare  Solani  tuberosi  non  glucoso,  e  pallide  rubello  "  pome- 
granate"  (R)  vel  simili  colore,  in  eodem  agare  glucoso,  ex  argillaceo 
"buckthorn-brown"  (R). 
Hab.    In  tuberibus  putridis  Solani  tuberosi,  New  York,  Amer.  bor. 

Measurements  of  conidia  from  cultures  on  different  media  are  as  fol- 
lows: 
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On  hard  potato  agar,  slightly  acidified,  culture  eleven  days  old;  conidia 

from  pseudopionnotes: 

Conidia:    0-septate,  rare 

1-septate,  11  per  cent,  17  x  3.1  (12-22  x  2.9-3.5)m 
2-fleptate,  7  per  cent,  28  x  3.8  (20-32  x  2.9-4.3)/* 
3-septate,  68  per  cent,  43.7  x  3.8  (33-67  x  3-4.4)/* 
4-septate,  4  per  cent,  55  x  4.2  (47-65  x  4-4.4)/* 
5-septate,  10  per  cent,  63  x  4.4  (57-72  x  4-4.8)/* 

On  red  raspberry  cane  plug,  culture  seventy-five  days  old;  conidia  from 

aCrial  mycelium: 

Conidia:    0-septate,  rare 

1-septate,  1  per  cent 

SHseptate,  5  per  cent,  43  x  3.8  (26-48  x  3.6-4.4)/* 
4-^ptate,  14  per  cent,  45  x  3.8  (38-64  x  3-4.6)/* 
6-septate,  80  per  cent,  61  x  4.2  (42-60  x  3.6-4.7)/* 
Bnseptate,  rare 

On  potato  tuber  plugs,  culture  ninety-two  days  old;  conidia  from  a  mass 
of  minute  sporodochia: 
Ck>nidia:    0-septate,  rare 

1-septate,  3  per  cent 

2-fleptate,  2  per  cent 

3-fleptate,  26  per  cent,  31  x  3.8  (24r-36  x  3-4.1)/* 

4-8eptate,  17  per  cent 

6-i8eptate,  63  per  cent,  46  x  3.9  (36-68  x  3.6-4.7)/* 

6-septate,  rare,  65-60  x  3.8-4.7/*  (only  a  few  measured) 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  seven  days  old; 
conidia  from  aerial  mycelium: 
Ck>nidia:    0-septate,  40  per  cent 
1-septate,  35  per  cent 
2-fleptate,  5  per  cent 

3-^ptate,  14  per  cent,  41  x  4.2  (33-44  x  3.5-4.8)/* 
4-8eptate,  5  per  cent,  48  x  4.6  (42-^  x  4-6.3)/* 
5-septate,   1   per  cent,  66  x  4.7  (63-68  x  4.3-4.9)/*  (only  five 
spores  measured,  the  largest  60  x  6.7/*) 
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On  the  same  medium  as  above,  culture  twenty  days  old;  conidia  from  a 

small  sporodochium: 

Conidia:    S-septate,  1  per  cent 

4-septate,  12  per  cent,  44  x  4  (40-57  x  3.5-4.4)/* 
5-septate,  87  per  cent,  54  x  3.9  (40-68  x  3,5-4.2)/* 

On  potato  tuber  plug,  culture  twenty-four  days  old;  conidia  from  aerial 

mycelium: 

Conidia:    S-eeptate,  10  per  cent,  46  x  3.4/*  (only  a  few  measured) 
4-fleptate,  30  per  cent,  47  x  3.5  (44-50  x  3-3.8)/* 
6-septate,  60  per  cent,  51  x  3.7  (48-57  x  3.4-4.2)/* 
6-septate,  rare,  60  x  4.2/*  (only  one  measured) 

On  potato  stem  plug,  culture  one  hundred  and  seven  da3rs  old;  conidia 
from  a  sporodochial  mass  (much  deterioated) : 
Conidia:    3-septate,  15  per  cent 

4-6eptate,  5  per  cent 

6-«ptate,  80  per  cent,  66  x  3.8  (50-63  x  3.5-4.2)/* 

On  steamed  whole  potato  tuoer,  culture  forty-nine  days  old;  conidia 
from  a  white,  semi-dry,  sporodochial  mass: 
Conidia:    3-^ptate,  50  per  cent,  36  x  3.9  (24^43  x  3.5-4.1)/* 

4-8eptate,  35  per  cent 

5-septate,  15  per  cent,  43  x  4.1  (39-16  x  3.9-4.4)/* 

On  same  medium  as  above;  conidia  from  a  red  (old?)  sporodochial 

mass,  nearly  converging  into  semi-pionnotal  layer: 

Conidia:    0-septate,  very  rare 

3-8eptate,  8  per  cent,  46  x  3.7  (24r^  x  3-4)/* 
4-septate,  12  per  cent,  48  x  3.8  (41-52  x  3.5-4.1)/* 
5-septate,  80  per  cent,  54  x  4  (43-62  x  3.5-4.3)/* 
6-septate,  very  rare,  about  57  x  4.2/*  (only  a  few  measured) 

On  medium  soft  potato  agar,  culture  fourteen  days  old;  conidia  from 
pseudopionnotes : 
Conidia:    3-i9eptate,  28  per  cent,  42  x  3.6/*  (only  four  measured) 

4-septate,  10  per  cent 

fr-septate,  62  per  cent,  58  x  4  (43-65  x  3.5-4.7)/* 
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On  hard  lima-bean  agar,  culture  fourteen  days  old;  conidia  from  a  sheet 
of  small  sporodochial  masses  spread  over  the  substratum: 
Conidia:    3-septate,  3  per  cent,  41  x  3.2m  (only  three  measured) 

4-septate,  1  per  cent 

&-i3eptate,  96  per  cent,  60  x  3.8  (52-70  x  3.5-6)/* 

On  wheat  grain  culture  fourteen  days  old;  conidia  from  small,  semi-dry 
sporodochia:  ' 
Conidia:    1-septate,  rare 

3-septate,  14  per  cent 

4-septate,  26  per  cent 

5-septate,  60  per  cent,  56  x  3.7  (4»-64  x  3.3-4.1)m 

Average  of  the  above  measurements: 
Conidia:    0-septate,  about  3  per  cent 

1-septate,  about  4  per  cent,  17  x  3.1m 
2-septate,  about  1  per  cent 
3-septate,  about  20  per  cent,  41  x  3.7m 
4r-septate,  about  14  per  cent 
5-septate,  about  58  per  cent,  54  x  4.05m 
6-septate,  very  rare,  58  x  4.2m 

VI.  Section  Arthrosporiella  n.  sec. 

Microconidia  short  and  broad,  spindle-shaped,  0-  to  3-septate*^;  sporo- 
dochial macroconidia  when  present  sickle-shaped,  mostly  5-septate,  of 
Roseum  type;  pseudopionnotal  microconidia  mostly  5-  and  5-  to  7-, 
often  to  9-  and  more,  septate,  from  slightly  curved  to  straight  and  angui- 
form;  true  chlamydospores  absent;  aerial  mycelium  from  white  to  pale 
buff  and  different  hues  of  red  and  pink;  color  of  substratum  from  clay  to 
different  hues  of  red. 

The  section  is  a  connecting  link  between  sections  Roseum  and  Sporotri- 
chiella  (through  F.  arthrosporioides), 

19.  Fusarium  diversisporum  n.  sp.  (Fig.  16;  PI.  vii,  fig.  12) 
Conidia  vaiyiiig  from  arthrosporial  (short,  spindle-shaped,  and  having 
an  average  measurement  when  3-septate  and  on  aerial  myceUum  of  28  x 

^  These  conidia,  though  often  septate,  represent  an  abbreviated  type  and  thus  can  be  termed  micro- 
conidia. These  microconidia  are  often  referred  to  as  arthrosporial  because  of  their  resemblance  to  the 
conidia  of  the  genus  Arthrosporium. 

II 
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4.3/i)  to  sickle-shaped,  6-septate  type  dominant,  in  sporodochia  and 
pseudopionnotes,  measuring  A8.5  x  3.63  (41-61  x  2.9-4.4)/*;  in  pseudo- 
pionnotes,  6-  to  9-septate  oonidia  are  conmion,  60-100  x  4.7-5.2/*,  from 
slightly  curved  to  straight  and  anguiform,  apically  pointed,  distinctly  but 
not  prominently  pedicellate,  in  mass  typically  of  light  pink-cinnamon 
color;  chlamydospores  absent;  sporodochia  when  present  often  of  a  large 
size  (up  to  1.7  centimeters  in  diameter);  aerial  mycelium. typically  well 
developed,  of  uniformly  medium  fineness,  white;  substratum,  on  potato 


Pig.  16. —  Fuaarium  diversisporum.  a,  Paeudojnonnotal  conidia  from  BS-days-old  euUure 
on  hard  oat  agar;  b,  sporodochial  conidia^  c,  arihroaporial  conidia^  d,  oMal  conidiophores 
producing  arihroaporial  conidia,  from  TS-days-old  cuUvre  on  red  raspberry  cane  plug;  e,  pseudo- 
pionnotal  corddiafrom  S-days-old  cuUure  on  hard  lima-bean  agar  with  2  per  cent  glucose;  f,  typical 
sporodochial  conidia  from  llS-days-old  cuUure  on  potato  stem  plug;  q,  sickle-shaped,  normal 
conidia,  h,  arthrosporial,  more  or  less  abnormal,  conidia,  from  aortal  mycelium  of  45-days-old 
cvUvre  on  whole  steamed  potato  tuber;  i,  pseudopionnoUd  conidia,  j,  mycelial  conidiophores 
and  conidiophores  produced  directly  on  spores,  k,  conidia,  from  10-days-M  culture  on  medium 
potato  agar;  l,  typical  sporodochial  conidia  from  ^B-days-old  cuUure  on  whole  steamed  potato 
tuber;  M,  cfdamydospore-iike  structures  in  old  conidia  from  ITS-days-old  culture  on  com  agar; 
N,  sporodochial  conidia  from  J^-days-old  cuUure  on  rye  straw;  o,  sporodochial  conidia  from 
IW-days-old  cuUure  on  rye  straw;  f,  sporodochial  corddia  from  SJ^-days-old  cuUure  on  potato 
tuber  plug;  q,  conidiophore  from  iJ^-days-old  cuUure  on  potato  tuber  plug 

agar  rich  in  glucose,  ranging  from  onion-skin  pink  and  clay  color  when 
young  to  Saccardo's  amber  in  old  cultures. 

Hab.  On  rotted  tubers  of  Solanum  tuberosum,  New  York  State,  in  close 
association  with  F.  metacroum. 
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LaUn  description, — Conidiis  ex  arthroeporialibus  (brevibus,  ffdci- 
formibus,  atque,  si  3--Beptata  et  in  aerio  mycelio,  plerumque  28x4.3m)> 
falciformibus  plerumque  5-septatis,  48.5  x  3.63  (41-61  x  2.9-4.4)/*  in 
Bporodochiis  pseudopionnotibusque;  in  pseudopionnotibus,  conidiis  6-9- 
aeptatis  frequentibus,  60-100x4.7-5.2/*,  parum  curvatis  rectis,  demum 
anguifonnibus,  apice  acutis,  distincte  sed  non  insignite  pedicellatis,  in 
fcotum  typice  pallide  "pinkish  cinnamcfn"  (R);  nuUis  chlamydosporis; 
sporodochiis,  si  exstant,  saepe  magnis  (usque  ad  1.7  cm.  diam.);  aerio 
mycelio  typice  plene  maturoi,  uniformi  mediocri  subtilitate,  albo; 
substrato — ^in  Solani  tuberosi  agare  perglucoso — in  culturis  juvenibus, 
"onion-skin  pink"  (R)  vel  "clay-color"  (R),  in  culturis  maturis 
"Saccardo's  amber"  (R). 

Hab.  In  tuberibus  putridis  Solani  tuberosi  una  cum  F.  metacroo,  New 
York,  Amer.  bor. 

Measurements  of  oonidia  from  cultures  on  different  media  are  as 
follows: 

On  slightly  acidified  hard  potato  agar,  culture  ten  days  old;  conidia 

from  thin  pseudopionnotes: 

Conidia:    0-septate,  rare 

1-septate,  7  per  cent,  10  x  2.4/* 

2-septate,  1  per  cent,  20  x  2.9/* 

S-septate,  36  per  cent,  36  x  3.1  (29-46  x  2.9-3.5)/* 

4-fleptate,  20  per  cent,  49  x  3.15  (40-53  x  3-4)/* 

6-fieptate,  36  per  cent,  60  x  3.8  (50-70  x  3.6-4.2)/* 

6-  to  9-septate,  1  per  cent  (60-100  x  4-6/*) 

On  red  raspberry  cane  plug,  culture  seventynsix  days  old;  conidia  from 

a  small  sporodochium: 

Conidia:    3-septate,  57  per  cent,  40  x  2.7(32-46  x  2.4r-3)/* 
4r-septate,  28  per  cent,  45  x  2.9(42-^52  x  2.6-3.2)/* 
5-septate,  15  per  cent,  50  x  2.9(43^54  x  2.7-3.2)/* 

On  hard  lima-bean  agar,  culture  eight  days  old;  conidia  from  a  thin 
layer  near  substratum: 
Conidia:    l-septate,  2  per  cent 

2-septate,  1  per  cent 

3-septate,  32  per  cent,  37  x  3.9  (28-43  x  3.6-6.3)/* 

4-septate,  9  per  cent 
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6-septate 

7-fleptate  ^  1   per  cent 

8-fleptate 


5-septate,  55  per  cent,  54  x  4.4  (40-61  x  3.5-5.6) /i 

f  61  X  4.9  (60-70  X  4.7-5.2)m  (only  four 
measured) 
67x6  (60-79  x4.7-5.2)m  (only  four 

measured) 
76  X  4.8  (70-79x4.7-4.8)/*  (only  three 
measured) 

On  potato  tuber  plug,  culture  twenty-four  days  old;  oonidia  from  a 
sporodochium,  many  spores  degenerated,  only  normal  ones  measured: 
Conidia:    0-septate,  none 

1-septate,  4  per  cent 

2-septate,  none 

3-septate,  50  per  cent,  32  x  3.1  (20-40  x  2.7-3.5)/* 

4r-septate,  22  per  cent 

5-septate,  24  per  cent,  42  x  3.6  (35-^1  x  3-3.6)/* 

On  potato  stem  plug,  culture  one  hundred  and  thirteen  days  old;  oonidia 

from  a  sporodochium: 

Conidia:  3-septate,  25  per  cent,  about  38  x  3.3/* 
4r-septate,  25  per  cent,  about  40  x  3.4/* 
6-septate,  50  per  cent,  42  x  3.5  (36-46  x  3-4.1)/* 

On  whole  steamed  potato  tuber,  culture  forty-five  days  old: 
(1)  Conidia  from  aerial  mycelium 
Conidia:    A  —  Arthrosporial  type 

1-septate,  10  per  cent,  about  10  x  3.9/* 
2-septate,  3  per  cent,  16  x  4/* 
3-^ptate,  71  per  cent,  28  x  4.3  (19-37  x  4-5)/* 
4-septate,  6  per  cent 

5-^ptate,  10  per  cent,  41  x  4.2  (37-46  x  4.1-4.5)/* 
B  —  Sickle-shaped  type 

0-septate,  6  per  cent,  about  10  x  2.6/* 
'  1-septate,  22  per  cent,  16  x  2.8  (13-19  x  2.4-3)/* 
2-septate,  4  per  cent,  about  21  x  2.9/* 
3-septate,  40  per  cent,  30  x  3.1  (20-34  x  2.9-3.5)/* 
4r-septate,  12  per  cent,  about  39  x  3.2/* 
5-^ptate,  16  per  cent,  45  x  3.3  (38-53  x  3-3.6)/* 
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(2)  Conidia  from  small  sporodochia  converging  into  a  nearly  continuous 
layer 
Conidia:    S^eptate,  45  per  cent,  33  x  3.1  (2(M1  x  2.5-3.5)m 

4-septate,  28  per  cent,  40  x  3.2m  (only  a  few  measured) 
5-septate,  27  per  cent,  43  x  3.3  (36-50  x  2.9-4.1)/* 

On  hard  lima^bean  agar,  culture  thirteen  days  old;  conidia  from  pseu- 
dopionnotal  stage: 
Conidia:    3-septate,  about  12  per  cent,  48  x  3/*  (only  three  measured) 

4-septate,  about  8  per  cent 

5-septate,  80  per  cent,  61  x  3.3  (50-70  x  3.1-3.5)/* 

On  hard  oat  agar,  culture  thirty-seven  days  old;  conidia  from  aerial 
mycelium  close  to  substratum: 
Conidia:    1-septate,  1  per  cent 

3-septate,  20  per  cent,  31  x  3.3/* 

4-septate,  15  per  cent 

&-septate,  60  per  cent,  45  x  3.7  (43^9  x  3.3^)/* 

6-septate,  4  per  cent,  61  x  4.2/*  (only  one  measured) 

On  same  medium  as  above,  culture  twenty-four  days  old;  conidia  from 
pseudopionnotes : 
Conidia:    3-septate,  10  per  cent,  28  x  3.3/* 

4-septate,  4  per  cent 

5-septate,  50  per  cent,  51  x  4/* 

fr-septate,  30  per  cent,  60.6  x  4.2/* 

7-  and  8-septate,  6  per  cent,  75  x  43/* 

Average  of  the  above  measurements: 
Conidia:    0-septate,  about  0.5  per  cent,  10  x  3.25/* 
1-septate,  about  4  per  cent,  12  x  3.0/* 
2-septate,  about  0.5  per  cent 
3-septate,  about  35.5  per  cent,  36  x  3.2/* 
4-septate,  about  15  per  cent 
5-septate,  about  44  per  cent,  48.5  x  3.63/* 
6-  to  9-septate,  about  0.5  per  cent,  60-100  x  4.7-5.2/* 

The  most  characteristic  features  of  the  fungus  are  as  follows:    0-  to 
3-septate,  spindle-shaped  conidia  of  aerial  mycelium;  3-  to  5-septate, 
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very  narrow  sickle-shaped  conidia  of  sporodochia,  and  comparatively 
broad  and  longer  anguiform;  6-  to  9-septate  conidia  of  pseudopionnotal 
stage  often  occurring  on  various  agars. 

20.  Fusarium  biforme  n.  sp.  (Figs,  lu  and  17;  PL  vu,  fig.  10) 
Conidia  of  two  forms:  sporodochial  conidia  more  or  less  uniformly 
ellipsoid,  3-  to  5-septate,  3-septate  measuring  39  x  3.3  (36-46  x  2.9-3.6) m, 
5-septate  measuring  51  x  3.5  (43-60  x  3-4) /x;  pseudopionnotal  conidia  0- 
to  9-  and  even  up  to  12-septate,  sometimes  nearly  straight  or  anguiform, 
5-septate  measuring  52  x  4.2m,  6-  to  9-septate  measuring  45-84  x  4-5.8At; 
conidia  in  mass  typically  salmon-colored;  no  chlamydospores;  mycelium 


1/ 


Fig.  17. —  Fusarium  biforme.  a,  Conidia  (sporodochium  S  millimeters  in  diameter),  b, 
eonidiaphoref  from  SQ-days-old  culture  on  hard  oat  agar;  c,  conidia  from  atrial  mycelium  from 
71 -days-old  cuUwre  on  potato  tuber  phig;  d,  semi-pseudopionnotal  conidia  from  14-days-old 
culture  on  slightly  acidified  hard  potato  agar;  e,  conidiophoreSf  ¥,  typical  conidia,  q,  largest 
and  most  highly  septate  conidia,  from  W-days-old  culture  on  rice 

well  developed,  uniform,  white  in  pseudopionnotal  stage  and  from  pink  to 
pomegranate  near  substratum  in  sporodochial  stage  (on  hard  oat  agar)  ^ 
substratum  from  brick  red  to  pomegranate  (on  oat  and  other  agars). 

Hab.  On  rotted  tuber  of  Solanum  ivberosum,  together  with  F.  coer- 
vleunij  Wisconsin. 

Differs  from  F.  diversisporum  chiefly  in  color  of  mycelium  and  of  sub- 
stratum on  hard  oat  agar  and  other  agars,  and  in  absence  of  a  uniform 
and  typical  arthrosporial  stage  of  aerial  conidia,  although  single  conidia 
of  that  type  occur  here  also.  Differs  from  F.  effiLsum  by  the  presence  of 
8-  to  12-septate  conidia. 

«  On  the  same  medium  F.  diveraiaporum  remains  from  white  to  day  in  color. 
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Latin  description. — Conidiis  biformibus:  conidiis  sporodochialibus,  plus 
minusve  aequabiliter  ellipsoidalibus,  3-5-septatis:  Snseptatis,  39x3.3 
(36-46x2.9-3.6)/*;  6-^ptatis  51x3.5  (43-60x3^)/*;  conidiis  pseudo- 
pionnotalibus  O-^-septatis  vd  etiam  12-«eptatis,  interdum  prope  rectis 
vel  anguifonnibus;  5-septatis,  52x4.2/*;  6^9Hseptatis,  45-84  x  4r-5.8/i; 
conidiis  in  totum  typice  "salmon-color"  (R);  nuUis  chlamydosporis; 
mycelio  plene  maturo,  uniformi,  albo  in  pseudopionnotum  gradu,  ex 
rubello  "pomegranate"  (R)  in  gradu  sporodochiali  (in  durae  avenae 
agare);  substrato  e  "brick  red"  (R)  "pomegranate"  (R)  (in  avenae 
agaribus  et  aliis  agaribus). 

Hab.  In  tuberibus  putridis  Solani  tuberosi  mia  cum  F.  coeruleo,  Wis- 
consin, Amer.  bor. 

Measurements  of  the  conidia  on  different  media  are  as  follows: 

On  com  agar,  culture  twenty-six  days  old;  conidia  from  a  thin  layer 
directly  on  substratum; 

Conidia:    1-  to  4-septate,  20  per  cent  (about  an  equal  number  of  each) 
6-septate,  45  per  cent,  60  x  3.6  (50-70  x  3.4-3.8)/* 

6-  to  9-septate,  35  per  cent,  80  x  4.4  (77-88  x  4.1-4.7)/* 

On  hard  potato  agar,  slightly  acidified,  culture  fourteen  days  old;  co- 
nidia from  atrial  mycelium  close  to  substratum: 
Conidia:    0-septate,  0.5  per  cent,  12  x  3/* 

1-septate,  3  per  cent,  19  x  3/* 

2-septate,  rare,  25  x  3.2/* 

3-septate,  5  per  cent,  32  x  3.7  (24r*l  x  3.5-4.2)/* 

4-septate,  2.5  per  cent 

5-«eptate,  80  per  cent,  51.5  x  4.3  (40-74  x  4-5.2)/* 

ft-septate,  6  per  cent,  58  x  4.7  (50-75  x  4.3^.3)/* 

7-  and  8H3eptate,  3  per  cent,  68  x  4.7  (55-80  x  4.3-5.3)/* 
9-  to  1 1-septate,  rare,  84  x  5.9/*  (only  a  few  measured) 

On  potato  tuber  plug,  culture  seventy-one  days  old;  conidia  from  aerial 
mycelium  close  to  substratum: 
Conidia:    0-septate,  2  per  cent,  9x3/* 

1-septate,  6  per  cent,  14  x  3.3/*,  a  few  15  x  5.7/* 

2-septate,  3  per  cent,  20  x  3.4/* 

3-^ptate,  30  per  cent,  27.5  x  3.9  (19-39  x  3.5-4.1)/* 

4-Beptate,  12  per  cent 
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5-^ptate,  44  per  cent,  43  x  4.1  (31-54  x  3.9-6.2)m 

6-^ptate,  2  per  cent,  49  x  4.3  (45-72  x  4-4.9)m 

7-septate,  1  per  cent,  60  x  4.8  (59-73  x  4.1-5.3)m 

8-  and  9-septate,  rare,  60-78  x  4.5-5.8m  (only  a  few  measured) 

On  hard  limarbean  agar  with  2  per  cent  glucose,  culture  seven  days 
old;  conidia  from  aerial  mycelium: 
Conidia:    0-  and  1-septate,  79  per  cent 

3-septate,  15  per  cent,  36  x  4.6  (33-41  x  4.3-4.7)m 

4-septate,  5  per  cent 

5-septate,  1  per  cent,  64  x  4.7  (53-66  x  4.3-6.3)m 

On  hard  oat  agar,  culture  twenty-eight  days  old;  conidia  from  a  large 
(3  millimeters  in  diameter)  sporodochium: 
Conidia:    1-^ptate,  3  per  cent,  about  28  x  3  (28-37  x  2.3-3)m 

2-septate,  1  per  cent 

3-septate,  45  per  cent,  39  x  3.3  (36-46  x  2.9-3.6) m 

4-septate,  16  per  cent 

6-septate,  35  per  cent,  51  x  3.5  (43-60  x  3-4)m 

Average  of  the  above  measurements  for  all  non-sporodochial  conidia: 
Conidia:    0-septate,  about  9  per  cent,  11x3/1 

1-septate,  about  11  per  cent,  16.5  x  3.15/* 

2-septate,  about  2  per  cent 

3-septate,  about  20  per  cent,  32  x  4.1/i 

4r-septate,  about  8  per  cent 

5-septate,  about  41  per  cent,  52  x  4.2/* 

6-  to  9-septate,  about  9  per  cent,  45-84  x  4-5.8/* 

The  organism  when  first  isolated  had  large  sporodochia  (from  2  to  5 
millimeters  in  diameter),  and  the  substratum  and  mycelium  near  it  were 
from  rose  to  pomegranate  in  color;  later  the  color  of  mycelium  and  sub- 
stratum faded  and  no  sporodochia  were  produced  at  all;  during  the  last 
year  its  original  characters  —  both  color  and  sporodochia  —  reappeared. 
Under  just  what  influence  loss  of  characters  and  their  reappearance  took 
place  the  writer  is  unable  to  say,  although  it  seems  that  a  slightly  acidi- 
fied and  relatively  dry  medium  actually  helped  to  bring  the  fungus  to 
the  original  conditions. 
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21.  Fusarium  aoguioides  n.  sp.  (Figs.  It  and  18;  PL  vi,  fig.  11) 
Conidia  of  diverse  type,  ranging  from  arthrosporial  (short  spindle- 
shaped,  with  more  or  less  rounded  ends,  0-  to  3-septate)  to  typically 
slightly  cm^ed  or  nearly  straight  and  anguiform,  1-  to  15-septate;  1- 
and  3-septate  conidia  typical  for  the  first  form  and  measuring  27  x  4.4 
(20-38  X  3.9-5.3)/*;  for  the  other  form  the  conidia  oonmionly  measuring 
as  follows: 

6-septate,  61  x  4.2  (47-68  x  3.9-4.6)  m 

6-  and  7-septate,  76  x  4.6  (66-86  x  4.2-6.2)/* 

8-  and  9^eptate,  89  x  4.86  (80-102  x  4.3-5.8)/* 


Pig.  18. — Ftaarium  anffuioide8.  a,  Pseidopumnotal  conidia  from  ^niays-old  culture  on 
dighUy  acidified  hard  potato  agar;  b,  conidia  from  16-day8-old  ctdture  on  wheat  grain;  c,  conidio- 
phores  from  S-daye-old  ctdture  on  slightly  acidified  hard  potato  agar;  d,  conidia  from  iB-daye" 
old  cuUure  on  wheat  grain;  b,  conidiopfuxre  from  IS-days-old  ctdture  on  toheat  grain;  v  artd  g, 
conidiophoreSf  h,  conidia^  from  68-day8-old  culture  on  red  raspberry  cane  plug;  i,  pseudopionnotal 
conidia  from  11 -days-old  ctdture  on  medium  poiaUt  agar;  j,  conidiophcres  from  SB-days-old  culture 
on  red  raspberry  cane  plug;  k,  pseudopionnotal  conidia  from  IS-days-old  hard  limarbean  agar 

Color  of  conidia  in  pseudopionnotal  layer,  on  glucose  potato  agar,  ranging 
from  light  pinkish  cinnamon  to  cinnamon;  arthrosporial  conidia  of  com- 
mon occurrence  on  aerial  myceUum,  but  often  the  latter,  especially  on 
diflferent  agar,  nearly  absent,  when  a  thin  spore  layer,  pseudopionnotes, 
is  produced  for  which  anguiform  conidia  are  typical. 

Hab.  On  rotted  tuber  of  Solanum  tuberosum  from  Castile,  New  York, 
in  association  with  F,  arcuosporum. 
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In  pseudopionnotal  stage  F.  anguioides  is  much  like  F.  hiforme,  but 
has  no  sporodochial  stage,  or  rather  no  macroscopically  observable  spo- 
rodochia. 

Latin  description. — Conidiis  variis  typis,  interdum  arthrosporialibus 
(brevibus,  fusHormibus,  terminis  plus  minusve  rotundatis,  O-SHseptatis), 
interdum  typice  paulum  curvatis  vel  prope  rectis  anguiformibusque, 
1-15-septatis;  conidiis  primo  typo  typice  1-vel  3-septatis,  27  x  4.4 
(20-38  X  3.9-5.3) m;  conidiis  altero  typo:  &-septatis  plerumque  51x4.2 
(47-68x3.9-4.6)/*;  6-7-septatis  plerumque  76x4.6  (65-86x4.2-5.2)/*; 
8-9-septatis  plerumque  89  x  4.86  (80-102  x  4.3-5.8)/*.  Conidiis  in  strato 
pseudopionnotali,  in  agari  glucoso  Solani  tuberosi  e  pallide  ''pinkish- 
cinnamon"  (R)  "cinnamon"  (R);  saepe  conidiis  arthrosporialibus  in 
aerio  mycelio,  sed  hoc  mycelio  saepe — imprimis  in  alio  agari — prope 
absente,  quae  cum  ita  sint  tenues  sporarum  strati,  pseudopionnotes, 
oriuntur  cum  conidiis  typice  anguiformibus. 

Hab.  In  tuberibus  putridis  Solani  tuberosi^  una  cum  F.  arcuosporo, 
Castile,  New  York,  Amer.  bor. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  red  raspberry  cane  plug,  culture  sixty-two  days  old;  conidia  from 
atrial  mycelium  close  to  substratum: 
Conidia:    0-septate,  3  per  cent 

1-septate,  19  per  cent,  17  x  3  (12-22  x  2.5-4)/* 

2-septate,  9  per  cent 

3-septate,  43  per  cent,  30  x  3.5  (17-42  x  3-4.8)/* 

4-septate,  7  per  cent 

5-septate,  18  per  cent,  47  x  4.2  (36-55  x  3-5.2)/*,  the  thickest 
50  X  5.9/* 

6-septate,  1  per  cent 

7-septate,  rare,  the  longest  75  x  4.8/* 

On  hard  potato  agar,  culture  eleven  days  old;  conidia  from  thin  pseudo- 
pionnotes: 

Conidia:    1-septate,  3  per  cent,  18  x  4.3/*  (only  a  few  measured) 
2-septate,  2  per  cent 
3-septate,  20  per  cent,  29x4.5  (20-35x4-6.5)/*,  the  broadest 

34x6.5/* 
4r-septate,  10  per  cent 
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5-«ptate,  44  per  cent,  52  x  4.6  (33-75  x  4.1-6.2)/* 

7       x  X    f  9  per  cent  <  72  x  5.2/*  (only  a  few  measured) 

8-septate  I  |  80  x  5.3/*  (only  a  few  measured) 

9-septate  ?•  8  per  cent  1 102  x  5.8/*   (only  a  few  measured,  the 

I  [     largest  105  x  6.5/*) 

ll-septate  I  .  t  /  ®^  ^  ^'^^  ^^^^  ^^®  measured) 

12-septate/     ~  \  101  x  5.7/*  (only  one  measured) 

On  hard  lima-bean  agar,  culture  thirteen  days  old;  conidia  from  thm 
pseudopionnotes : 

Conidia:    5-septate,    9  per  cent,  58  x  4.1  (53-62  x  3.9^.4)/* 
6-septate,  12  per  cent,  78  x  4.3  (70-87  x  4.1-4.5)/* 
7-septate,  19  per  cent,  86  x  4.3  (78-96  x  4.1-4.5)/* 
8-«eptate,  32  per  cent,  93  x  4.4  (86-100  x  4.2-4.8)/* 
ft-septate,  17  per  cent,  94  x  4.4  (90-100  x  4.2-4.7)/* 
10-septate,  7  per  cent,  94  x  4.4  (97-103  x  4.3-4.5)/*  (only  four 

measured) 
11-septate,  2  per  cent,  108  x  4.4/*  (only  one  measured) 
12-septate,  1  per  cent,  110  x  4.4/*  (only  one  measured) 
13-septate,  1  per  cent,  126  x  4.8/*  (only  one  measured) 

On  wheat  grain,  culture  fifteen  days  old;  conidia  from  atrial  mycelium: 
Conidia:    0-septate,  very  rare 
1-septate,  very  rare 

2-septate,  very  rare,  26  x  3.1/*  (only  a  few  measured) 
3-septate,  5  per  cent 
4-septate,  2.5  per  cent 
5-septate,  89  per  cent,  60  x  4.2  (45-70  x  3.9-4J)/* 

6-se  tatel  l'^^^  ^'^  ^^^"^  ^  4.1-4.4)/*  (only  a  few 

7       X  X    f  3  per  cent  I     measured) 

*^  [  85  X  4.3/*  (only  a  few  measured) 

8-septate  1  f  ^^  ^  ^•^'*  ^^^^  ^  ^^^  measured) 

<^-ap  tatp  f  ^'^  ^^  ^^*  ^  86  X  4.5/*  (only  a  few  measiu*ed,  the 
^        ^  [     longest  92  X  4.6/*) 
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On  hard  lima-bean  agar,  culture  nine  days  old;  conidia  from  pseudo 

pionnotes: 

Conidia:    0-septatel 

1-septate  >  1  per  cent 
2-septateJ 

3-3eptate,  2  per  cent,  45  x  4  (only  a  few  measured) 
5-septate,  40  per  cent,  63  x  4.3  (43-76  x  3.5-4.7)/* 
6-^ptate,  22  per  cent,  72  x  4.4  (62-79  x  4-4.7)m 
7-«eptate,  18  per  cent,  80  x  4.5  (63-88  x  4.3-4.8)m 
8-«eptate,  10  per  cent,  87  x  4.7  (75-93  x  4.3-4.8)  m 
9-fieptate,  5  per  cent,  88  x  4.7At  (only  two  measured) 
10-septate,  2  per  cent,  90  x  4.8m  (only  one  measured) 

On  wheat  grain,  culture  forty-six  dajrs  old;  conidia  from  aerial  mycelium 
close  to  substratum: 

Conidia:    0-septate,  3  per  cent:  arthrosporial,  15  x  4.1  (10-22  x  3.9-4.4)m; 
sickle-shaped,  20  x  2.8  (16-22  x  2.6-3.5)  m 

l-^ptate,27percentl^  27x4.4    (20-38x3.9- 

2-septate,    4  per  cent  f      c  q\ 

3-septate,  38  per  cent]        * 

4-8eptate,  11  per  cent 

5-septate,  15  per  cent,  53  x  3.9  (42-62  x  3.5-4.2) m 

6-septate,  2  per  cent,  65  x  4.2  (54r-70  x  3.9-5.2)/* 

7-  and  8-septate,  rare,  73-81  x  4.1^.8/*  (only  three  measured) 

Average  of  the  above  measurements: 
Conidia:    0-septate,  0.6  per  cent 
1-septate,  4.6  per  cent 
2-septate,  2.2  per  cent 
3-septate,  14  per  cent 
4r-septate,  4  per  cent 
5-septate,  40  per  cent,  50  x  4.2/* 
6-  and  7-septate,  16.8  per  cent,  76  x  4.6/* 

8-  and  9-septate,  14.4  per  cent,  89  x  4.86/* 

10-  to  15-septate,  3.4  per  cent,  103  x  4.9/*  (the  largest  conidium 
found  was  15-septate,  150  x  6/*) 
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22.  Fuaarium  anguioidea  var.  caudatum  n.  var.  (Fig.  19;  PI.  vi,  fig.  9) 
Conidial  type  very  much  the  same  as  that  of  F.  anguiddes,  but  8- 
to  11-septate  conidia  very  rare  and  the  size  for  the  same  septation 
somewhat  larger;  conidia  never  in  macroscopically  observable  thick 
pseudopionnotes  as  is  often  the  case  in  F.  anguioidea  when  grown  on  various 
agars.  Conidia  of  this  fungus,  even  in  comparatively  young  cultures, 
often  produce  on  one  end  a  long,  usually  unbranched,  germ  tube  (see 
certain  conidia  in  figure  19),  which  has  never  been  observed  in  F. 
anguioidea. 


Fig.  19. —  Fuaarium  anguioidea  tfor.  cawiaiuin.  a,  Pseudopionnotal  conidia  from  tO-dayB- 
old  evUure  on  8ligkUy  acidified  hard  potato  agar;  b,  conidia  from  Sl-daya-old  cvltwre  on  red 
ratpberry  cane  plug;  c,  typical,  d,  degenerated,  conidia,  e,  conidiophore8,from  OT-daye-old  culture 
on  potato  stem  plug;  t,  conidia  from  16 -days-old  cidture  on  wheat  grain;  q,  pseudopionnotal 
conidia  from  O-days-old  culture  on  hard  lima-bean  agar;  h,  conidiophores,  i,  pseudopionnotal 
conidia,  j,  chlamydospare4ike  mycelial  swelling,  k,  conidiophores,  from  11 -days-old  culture 
on  medium  potato  agar;  h,  pseudopionnotal  conidia  from  Id-days-old  culture  on  hard  limor 
lean  agar  with  B  per  cent  glucose;  u,  pseudopionnotal  conidia  from  S7-days-old  culture  on  hard 
oat  agar;  u,  conidiophores  from  11 -days-old  culture  on  medium  potato  agar 

Hab.  On  rotted  tubers  of  Solanum  tvberoaum,  in  association  with 
F.  coendeum,  Ithaca,  New  York. 

Measurements  of  conidia  from  cultures  on  different  media  are  as  follows: 
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On  red  raspberry  cane  plug,  culture  sixty-one  days  old: 
Conidia:    0-  and  1-septate,  10  per  cent 
2-  to  4r-septate,  35  per  cent 
&-septate,  55  per  cent,  56  x  4.2  (35-80  x  3.7-4.8)m 
ft-septate,  rare,  the  longest  85  x  5.2m 

On  hard  lima-bean  agar,  culture  sixteen  days  old: 
Conidia:    0-septate,  17  per  cent,  13  x  2.7  (11-16  x  2.3-3.7)m 

1-septate,  18  per  cent,  22  x  3.3  (18-28  x  3-4.4) m,  the  broadest 

33  X  6.1m 
2-septate,  12  per  cent 
3-septate,  40  per  cent,  38.5  x  4  (29-45  x  3.5-4.7) m,  the  broadest 

33  X  6.1m 
4-«eptate,  3  per  cent 

5-septate,  7  per  cent,  60  x  4.5  (52-75  x  4. 1-5.4) m 
6-septate,  3  per  cent,  67  x  5.2  (53-77  x  4.1-6.1)m 
7-septate,  very  few,  82  x  5.2m  (only  one  measured) 
8-septate,  few,  75  x  5.3  (72-88  x  5-5.6)  m  (only  two  measured) 
9-septate,  very  few,  94  x  5.2m  (only  one  measured) 

On  hard  potato  agar,  culture  eleven  days  old : 
Conidia:    0-septate,  12  per  cent,  14  x  3.9  (8.7-20  x  2.6-4.2)m 

1-septate,  11  per  cent,  17  x  4.1m  (only  four  measured) 

2-septate,  9  per  cent 

3-septate,  47  per  cent,  40  x  4.3  (25-53  x  3.5-5.3) m 

4-septate,  8  per  cent 

5-septate,  12  per  cent,  66  x  4.6  (50-77  x  4r-6.1)M 

&-septate,  1  -  f  79  x  5.3m  (only  one  measured) 

7-septate,  j     ^  \85  x  5.2m  (only  one  measured) 

On  wheat  grain,  culture  fifteen  da3rs  old: 
Conidia:    Q-septate,  4  per  cent 

1-septate,  40  per  cent,  24  x  3.1  (15-27  x  2.7-3.6)m 

2-septate,  10  per  cent 

3-septate,  42  per  cent,  43  x  3.8  (3&-62  x  3.5-5.2)m 

4-septate,  2  per  cent 

5-septate,  2  per  cent,  55  x  4.1  (43-62  x  4-4  5)m 

6-septate,  few,  57  x  4.3m  (only  one  measured) 

7-6eptate,  very  few,  79  x  4.3m  (only  one  measured) 
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On  hard  lima-bean  agar,  culture  nine  days  old: 
Conidia:    0-septate,  14  per  cent 
1-septate,  28  per  cent 
2-septate,  5  per  cent 
3-septate,  32  per  cent,  44  x  3.6  (29-63  x  3-4)m  (exceptionally 

4.8/Li  in  diameter) 
4-septate,  5  per  cent 
5-septate,  16  per  cent,  65  x  3.9  (52-79  x  3.5-4.8)m 

Average  of  the  above  measurements: 
Conidia:    0-septate,  about  10.4  per  cent,  13.5  x  3.3m 
1-septate,  about  20.4  per  cent,  21  x  3.5m 
2-septate,  about  9.2  per  cent 
3-septate,  about  35.2  per  cent,  41  x  3.9m 
4r-septate,  about  5.6  per  cent 
5-septate,  about  18.4  per  cent,  60.4  x  4.26m 
6-  and  7-septate,  about  0.8  per  cent,  82  x  4.9m 
8-  and  9-septate,  very  rare,  85  x  5.2m 

23.  Fusarium  arthrosporioides  n.  sp.  (Figs.  1,  l  to  p,  and  20;  PI.  iii, 
figs.  3  and  4;  PI.  vu,  fig.  11) 

Conidia  of  three  types:  (1)  elliptical,  apically  attenuate,  slightly 
pedicellate,  mostly  5-septate,  48  x  4.3  (45-55  x  4-4.7)  m;  (2)  arthrosporial, 
0-  to  3-(5-)septate,  broad  spindle-shaped,  3Hseptate  measuring  about 
25x5.4  (19-33  x4.7-6)m;  (3)  sporotrichiaJ,  mostly  0-«eptate,  4.5x3.8 
(2.9-9  X  2.6-8)  M.  Type  1  is  found  mostly  in  pseudopionnotes,  type  2  on 
aerial  mycelium,  and  type  3  mainly  in  small,  dense,  bushlike  clusters  of 
conidiophores,  often  resembling  sporodochia;  no  true  chlamydospores; 
aerial  mycelium  from  white  to  light  tints  of  rose  and  salmon  hues,  uniform  or 
covered  with  knotted,  more  or  less  large,  areas;  substratum  from  clay 
color  to  buckthorn  brown  and  bright  red  (Plate  m,  fig.  4).  The  organism 
occupies  an  intermediate  position  between  sections  Arthrosporiella  and 
Sporotrichiella. 

Hab.    In  discolored  tissues  of  tuber  of  Solanum  tuberosum,  Ireland. 

The  organism  remained  for  a  long  time  in  pure  culture,  with  well- 
developed  aerial  mycelium  and  with  a  bright  red  color  (Plate  iii,  fig.  4); 
the  dominant  type  of  conidia  was  sickle-shaped,  5-septate.  During  the 
last  year  —  the  second  year  of  its  cultivation  —  the  development  of  aerial 
mycelium  has  become  poorer,  the  color  of  the  substratum  has  changed  to 
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clay  color  and  buckthorn  brown,  and  sporotrichic  conidia  are  the  com- 
monest type.  Whether  the  organism  has  changed  only  temporarily  or 
not  is  as  yet  unknown.^ 

Laiin  description. — Conidiis  tribus  typis:    (1)  conidiis  ellipticis,   apice 
attenuatis,  paulum  pedicellatis,  plerumque  5-septatis,  48x4.3  (45-55  x 


FiQ.  20. —  Fusarium  arthrosporioides.  A,  Normal  psevdopionnotid  conidia,  b,  arthroiporial 
oonidiaf  from  H-days-old  culture  on  hard  lima-bean  agar;  c,  aporodochial  comdia  from  64- 
days-old  culture  on  hard  limarbean  agar  with  2  per  cent  glucose;  d,  arthrosporial,  e,  normal, 
conidia f  f,  conidiophareSf  from  11 -days-old  cuUture  on  medium  potato  agar;  g,  arrial  conidia, 
H,  conidiophores,  from  U -days-old  culture  on  slightly  acidified  hard  potato  agar;  i,  conidia 
and  chlamydospores  from  76-days-old  culture  on  rtd  raspberry  cane  plug;  J,  contdiophores  from 
ll-days-old  culture  on  medium  potato  agar;  k,  normal,  l,  artkrosporial,  type  of  conidia,  m,  conidio- 
phares,  from  aerial  mycelium  of  16-days-old  culture  on  hard  lima-bean  agar  with  2  per  cent 
glucose;  s,  sickle-shaped  conidia,  o,  arthrosporial  and  sporotrichial  conidia  and  conidiophore 
of  the  spcrodochial  stage,  from  S6-days-old  cidture  on  rye  grain;  p,  chlamydospores 

4r-4.7)/Lt;  (2)  conidiis  arthrosporialibus,  (>-3(5)-septatis,  latis  fusifor- 
mibus,  3-fieptatis  circa  25x5.4  (19-33  x4.7-6)m;  (3)  conidiis  sporotri- 
chialibus,  plerumque  0-septatis,  4.5  x  3.8  (2.9-9  x  2.6-8) m-  Typo  primo 
plerumque  in  pseudopionnotibus,  typo  altero  in  aerio  mycelio,  typo  tertio 
plerumque  in  parvis  densis  fruticosis  conidiophoris  uveosis,  saepe  similibus 
sporodochiis;  nullis  veris  chlamydosporis;  aerio  mycelio  ex  albo  pallide 
roseo  "salmon  color "  (R), uniformi  vel  nodosas  plus  minusve  magnas areas 

o  Xq  this  conneotion  ne  last  p&racraph  in  deaoriptioa  of  F.  hifarmt  (page  168). 
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exhibente;  substrate  ex  argillaceo  " buckthorn  brown"  (R)  vel  nitide  rubro 
(Tab.  iri,  fig.  4).    Fungo  locum  medium  inter  Sectiones  Arthrosporiellam 
et  Sporotrichiellam  obtinente. 
Hab.    In  textibus  decoloratis  Solani  tuberosi  tuberum,  Hibemia. 

Measurements  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  eleven  days  old;  conidia 

from  aerial  mycelium: 

Conidia:    Q-septate,  0.6  per  cent,  12  x  2.7m 

l-«ptate,  15.5  per  cent,  25  x  3.8  (17-30  x  2.6-4.7)m 
2-septate,  3  per  cent,  27  x  4^ 
3-septate,  77.5  per  cent,  35  x  3.5  (22-48  x  3-4.4)|i 
4-septate,  3  per  cent,  43  x  4.2  (35-50  x  3.5-4.8)m 
5-septate,  0.5  per  cent,  47  x  4.4|i  (only  a  few  measured) 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  sixteen  days  old : 

0-septate,  4.7  per  cent,  10  x  2.6m  (only  a  few 

measured) 
1-septate,    4.7    per    cent,  19x3.1    (14-24  x 

2.9-3.5)m 
2-septate,  few,  28  x  3.3m  (only  a  few  measured) 
3-«eptate,  5.9  per  cent,  34  x  4  (31-40  x  3.3- 

4.7)m 
4-septate,    0.5    per   cent,   43x4.3    (35-44  x 

4.1^.7)m 
5-septate,    0.6    per   cent,    47x4.4   (43-54  x 

4.1-4.8)m 
0-septate,  13  per  cent,  8.5x4.3  (6-12x3.5- 

6.4)m 
l-«eptate,    23.5    per    cent,    15x4.4  (9-20  x 

3.5-5.3)m 
2-«ptate,    11.7   per   cent,   18x5.2  (13-35  x 

4.7-6)m 
3-septate,   35.4  per   cent,  25x5.4  (19-33  x 

4.7-6)m 
4H3eptate,  few,  39  x  6  (33^7  x  5-7)m 
5-septate,  few,  46  x  5.7  (42-56  x  5.2-6)m 
The    largest    conidium    observed   was  8- 

septate  (exceptionally  close-septate),  and 

measured  58  x  6.5m 
12 


(1)  Sicklenshaped  conidia 


(2)  Arthrosporial  conidia 
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On  potato  stem  plug,  culture  one  hundred  and  seven  days  old: 
Conidia:    1-septate,  52  per  cent,  about  13  x  3.5m 
2-8eptate,  7  per  cent 
3~septate,  31  per  cent,  34  x  ZA/i 
4r-septate,  3  per  cent,  43  x  3.6/Lt 
5-septate,  7  per  cent,  45  x  4  (40-50  x  3.4-4.3) m 

On  hard  lima-bean  agar,  culture  sixty-four  days  old;  conidia  from  a 

sporodochium: 

Conidia:    l-septate,  1  per  cent 

3-«eptate,  12  per  cent,  26  x  3.4  (22-44  x  3-3.6)m 
4r-septate,  5  per  cent,  43  x  3.9|i  (only  two  measured) 
6-septate,  81  per  cent,  48  x  4  (43-52  x  3.5-4.3)m 
6~septate,  1  per  cent,  about  50  x  4.1m  (only  two  measured) 

On  hard  lima-bean  agar,  culture  fourteen  days  old;  conidia  from  a  dense 

mycelial  growth  at  the  bottom  of  the  slant: 

Conidia:    0-septate,  1.5  per  cent,  13  x  4.8m  (only  three  measured) 
l-septate,  10  per  cent,  20  x  5.2  (9-27  x  4.1-7)  m 
2-«eptate,  4  per  cent,  22  x  8.3m  (only  three  measured) 
3-«eptate,  38  per  cent,  28x5.2  (19-39  x  4.3-5.9)  m 
4-septate,  4  per  cent 

5-septate,  37  per  centj  55  x  4.7  (43-70  x  4.4-5.3)m 
6-septate,  4  per  cent,  61  x  5  (54-70  x  4.8-5.3)  m 
7-septate,  1.5  per  cent,  69  x  5  (64-79  x  4.7-5.3)  m 

On  rye  grain,  culture  thirty-six  days  old;  conidia  from  a  sporodochium, 
of  sporotrichial  type: 
Conidia:    O-^septate,  97  per  cent,  4.5  x  3.8  (2.9-9  x  2.6-8)m 

l-septate,  3  per  cent,  10.2  x  5.6  (8.5-14  x  4.2-6.3)m 

2-septate,  rare 

3-septate,  rare 

Average  of  the  above  measurements: 
^     .  J.       ^       X  X     i^T  .  /  4.5  X  3.8m  (sporotrichial  form) 

Comia:    O-septate,  17  per  centj  ^^^  ^  3  g^  (arthrosporial  form) 

l-septate,  18  per  cent,  17  x  14.2m 

2-septate,  6  per  cent 

3-septate,  33  per  cent,  25  x  5.4m  (arthrosporial  form) 
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4-6eptate,  3  per  cent 

5-septate,  21  per  cent,  48  x  4.3m  (sickle-shaped) 
&-septate,  1  per  cent,  55.5  x  4.55/Lt  (sickle-shaped) 
7-«eptate,  0.5  per  cent,  69  x  5^  (sickle-shaped) 

In  the  case  of  this  organism,  the  average  percentage  of  septation  of 
conidia  is  of  no  value  because  of  the  great  diversity  of  the  forms  occurring. 
Therefore  it  is  a  safer  basis  to  consider  each  stage  (sporodochial  and  from 
aerial  mycelium)  by  itself  separately. 


Fig.  21. —  Fusarium  artkrasporioides  var,  asporotrichius.  a,  APrial  conidia  from  l-days-M 
evUure  on  hard  lima-bean  agar  toith  2  per  cent  glucose;  b,  sporodochial  conidia  from  SB-days- 
M  cuUiare  on  potato  ivber  pliig;  c,  D,  conidiophores^  from  11 -days-old  ctdttire  on  slightly  acidified 
hard  potato  agar;  s,  ahial  conidia  from  25-days-old  culture  on  potato  ivber  plug;  f  and  q,  conidio- 
phores,  H,  psevdopionnotal  conidia^  from  11 -days-old  ctdture  on  slightly  acidified  hard  potato 
agar;  i,  conidia  from  68-days-old  cuUtare  on  red  raspberry  cane  plug;  j»  arUtrosporium4ike, 
K,  normal,  conidia  from  aerial  mycelium  from  H-days-old  culture  on  hard  Uma4}€an  agar; 
L,  atrial  conidia  from  SS-days-old  culture  on  rye  grain;  m,  sporodochial  conidia  from  H-days- 
M  culture  on  hard  lima4)ean  agar 

24.  Fusarium  arthrosporiaides  var.  asporotrichius  n.  var.  (Figs.  1,r  and 
8,  and  21;  PI.  vn,  fig.  9) 

This  fungus  is  very  much  the  same  as  F.  arthrosporioides,  but  differs 
from  the  latter  by  typical  absence  of  sporotrichial  sporodochia  and  by 
more  pronounced  and  common  production  of  from  medium  to  large 
(up  to  3  millimeters  in  diameter)  sporodochia  with  sickle-shaped,  5-fiep- 
tate  conidia,  51.2  x  4.3  (46-59  x  4.15-4.7)  m,  as  dominant  type. 
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Hab.    On  rotted  tubers  of  Solanum  tuberosum  in  association  with 
F.  Solani  and  F.  coeruleum,  New  York  State. 
Measurements  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  eleven  dajrs  old,  conidia 

from  pseudopionnotes: 

Conidia:    Q-septate,  0.8  per  cent 

1-septate,  3.4  per  cent,  20  x  3.3|i 

2-septate,  2.5  per  cent,  30  x  3.8m 

3-septate,  49  per  cent,  40  x  4  (30-66  x  3-4.7)m 

4-septate,  21.8  per  cent,  50  x  4.3  (43-60  x  3.9-4.5)/* 

5-septate,  22.5  per  cent,  53.5  x  4.4  (49-62  x  4-4.7) m 

On  red  raspberry  cane  plug,  culture  sixty-eight  days  old;  conidia  from 

a  sporodochium: 

Conidia:    1-septate,  very  rare 
2-septate,  very  rare 

3-8eptate,  9  per  cent,  41  x  3.7  (21-48  x  3.3-4.4)m 
4r-septate,  24  per  cent,  46  x  4.1  (36-60  x  3.8-4.7) m 
5-septate,  67  per  cent,  51  x  4.2  (42-62  x  3.9-4.7)m 
6-septate,  rare,  62-70  x  4.1-4.8/*  (only  a  few  measured) 

On  potato  tuber  plug,  culture  eighty-two  days  old;  conidia  from  a 
sporodochium: 
Conidia:    1-septate,  rare 

2-septate,  rare 

3-«eptate,  6  per  cent,  36  x  3.8  (25-42  x  3.5-4.1)/* 

4-septate,  17  per  cent 

5-septate,  77  per  cent,  49  x  4.2  (43-55  x  3.5-4.7)/* 

On  hard  lima-bean  agar,  culture  seven  da3rs  old;  conidia  from  aerial 
mycelium: 

Conidia:  0-«eptate,  3  per  cent 
1-septate,  8  per  cent 
2-septate,  8  per  cent 
3-septate,  65  per  cent,  39  x  4.1  (31-67  x  3.9-5.7)/*,  the  longest 

68  X  4.4/* 
4-6eptate,  14  per  cent,  49  x  4.7  (44-60  x  4.2-5.3)/* 
5-«eptate,  2  per  cent,  59  x  4.8  (52-63  x  4.3->5.7)/* 


Digitized  by  VjOOQ IC 


FusARiA  OF  Potatoes  i8i 

On  potato  tuber  plug,  culture  twenty-five  day®  old;  conidia  from  aerial 

mycelium: 

Conidia:    0~septate,  rare,  about  16  x  2.5m 

l-«eptate,  7  per  cent,  22  x  3.7|i  (only  three  measured) 
2-i3eptate,  6  per  cent,  27  x  4.1m  (only  three  measured) 
3-septate,  40  per  cent,  35  x  4.3  (29-45  x  3.8-4.8)m 
4-«ieptate,  28  per  cent,  43  x  4.7  (35  x  49  x  4.1-5.2)  m,  the  broadest 

51  X  5.9m 
S^eptate,  19  per  cent,  45  x  4.7  (40-53  x  4.3-4.9)m 
6-septate,  only  one  observed,  78  x  5.2m 

On  whole  steamed  potato  tuber,  culture  forty-six  days  old: 

(1)  Conidia  from  a  medium  large  (2  millimeters  in  diameter)  sporo- 
dochium 

Conidia:    1-septate,  2.5  per  cent,  about  16  x  3m 

2-septate,  2.5  per  cent,  about  28  x  3.5  (20-40  x  3.3-3.8)m 
3-septate,  31  per  cent,  38.5  x  3.7  (19-44  x  3-4.1)m 
4r-septate,  34  per  cent,  45  x  4m  (only  three  measured) 
5-septate,  30  per  cent,  48  x  4.15  (44-53  x  3.9-4.7)m 
6-septate,  very  rare,  61  x  4.3m  (only  one  measured) 

(2)  Conidia  from  a  small  sporodochium 
Conidia:    1-septate,  2  per  cent 

2-septate,  rare 

3-iBeptate,  51  per  cent,  40  x  3.9  (35-43  x  3-4.1)m 
4r-septate,  24  per  cent,  42  x  4.1  (36-50  x  3.5-4.8)m 
5-septate,  23  per  cent,  46  x  4.2  (42-50  x  4-4.5)m 

On   medium   potato   agar,    culture   eleven    da3rs   old;    conidia   from 
pseudopionnotes : 

Conidia:    3-septate,  13  per  cent,  39  x  4.3  (28-48  x  3.5-4.8)m 
4-septate,  8  per  cent 
5-septate,  79  per  cent,  48  x  4.6  (41-61  x  3.8-4.9)m 

On  hard  lima-bean  agar,  culture  fourteen  days  old: 
(1)  Conidia  from  aerial  mycelium 
Conidia:    O-septate,  6  per  cent,  11  x  4.6  (6-18  x  4-5.3)m 

1-fleptate,  13  per  cent,  18x5  (10-25  x  4.1-5.5)m 
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2-septate,  10  per  cent,  24x5.1  (20-30  x  4.3-5.5)  m  (only  three 

measured) 
Snaeptate,  39  per  cent,  31  x  5.2  (22-43  x  4.1-6.2)m 
4-septate,  7  per  cent 

6-septate,  25  per  cent,  56  x  4.7  (42-70  x  4-5.9)m 
6-septate,  very  few,  63  x  4.9m  (only  one  measured) 

(2)  Conidia  from  a  sporodochium 
Conidia:    3-septate,  about  5  per  cent,  36  x  3.1 /x  (only  a  few  measured) 
4-septate,  about  5  per  cent 
5-«eptate,  about  90  per  cent,  58  x  4  (52-65  x  3.5-4.8) /i 

On  rye  grain,  culture  thirty-six  days  old: 
Conidia:    0-septate,  3  per  cent 
l-septate,  6  per  cent 
2-septate,  2  per  cent 

3-septate,  55  per  cent,  38  x  3.4  (27-50  x  3-4.4)/* 
4-septate,  20  per  cent 
5-septate,  14  per  cent,  50  x  3.6  (43-60  x  3.1-4.4)m 

Average  of  the  above  measurements: 
Ck)nidia:    0-septate,  1  per  cent 
l-«eptate,  3  per  cent 
2-8eptate,  3  per  cent 
3-septate,  33  per  cent 
4-6eptate,  19  per  cent 
6-septate,  41  per  cent,  51.2  x  4.3|i 
6-septate,  very  rare 

25.  FuBarium  diplosporum  Cke.  et  Ell. 

Cf.  Cooke,  M.  C,  and  Ellis,  J.  B.,  Greyillea  7:38.  1878.  Saccardo, 
Syll.  Fung.  4:701.    1886. 

The  following  description  is  from  Saccardo: 

"  Boseum,  pulvinatum;  conidiis  aliis  fusiformibus,  utrinque  acutis, 
arcuatis,  nucleatis,  demum  leniter  3-septatis  40/*  long.,  aliis  ellipticis, 
uniseptatis  18  x8m. 

"  Hab.    In  caulibus  Solani  tuberosi,  New  Jersey,  Amer.  bor." 

The  abbreviated,  arthrosporial,  uniseptate,  conidia,  18x8m  in  size, 
are  so  uncommon  that  there  is  no  doubt  in  the  writer's  mind  that  the 
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orgaaism  could  easily  be  identified  when  found,  and  thus  must  be  recog- 
nized OS  a  good  species.    The  organism  was  not  isolated  by  the  writer. 

VII,  Section  Sporotrichiella  Wr.  (Fig.  1q).     Wollenweber,  H.  W., 
Maine  Agr.  Exp.  Sta.,  Bui.  219:256.    1913 

Fusaria  of  this  section  have  from  pjrriform  to  nearly  globular,  mostly 
0-septate,  microconidia.  Typical  sickle-shaped,  septate  conidia  always 
present,  at  least  in  young  artificial  cultures. 

Only  one  species  of  this  section  is  presented  here.  This  species  was 
twice  isolated  from  rotted  potato  tubers,  and  thus,  at  least  in  a  way,  may 
be  considered  as  of  more  or  less  common  occurrence  on  this  substratum. 
There  are  many  other  Fusaria  of  this  section  reported  on  such  substrata 
as  com,  carnations,  apples,  and  others,  a  number  of  which  are  discussed 
by  Lewis  (1913),  None  of  the  species  of  this  section  mentioned  by  him, 
however,  seem  to  be  identical  with  the  one  here  reported. 

Lewis  (1913:257)  reports  that  the  following  organisms  were  isolated 
also  from  potatoes:  (1)  F.  Poae  (Peck)  Wr.,  (2)  F.  Solani  (Mart.)  Ap.  et 
Wr.,  (3)  F.  conghdinans  Wr.,  (4)  F.  HeliarUhi  Sacc.  var.,  (5)  F,  pirinum 
(Fries)  Sacc,  and  (6)  F.  orthoceras  Ap.  et  Wr. 

Numbers  2  and  6  are  described  in  this  paper;  numbers  1  and  4  are  closely 
related  to  F.  sporotrichioides  n.  sp.,  and  belong  to  section  Sporotrichiella; 
number  3  belongs  to  section  Elegans  and  differs  from  F.  orthoceras  by 
absence  of  red-wine  color  on  rice  (see  WoUenweber,  1913  a: 30);  number  . 
5  may  belong  to  section  Arthrosporiella. 

No  technical  description,  except  results  of  inoculations — for  potatoes 
always  negative — and  certain  characters  of  color  and  of  colony  growth, 
is  given,  and  thus  a  proper  identification  is  rendered  impracticable. 

26.  Fusarium  sporotrichioides  n.  sp.  (Figs.  1q  and  22;  PI.  iii,  fig.  1) 
Conidia  scattered  in  aerial  mycelium  or  in  pseudopionnotes  and  distinct 
sporodochia;  of  diverse  type,  ranging  from  unicellular,  more  or  less  pyri- 
fonn,  microconidia  of  sporotrichial  form,  to  sickle-shaped,  3-  to  10- 
septate,  apically  pointed,  pedicellate,  macroconidia;  0-septate,  sporo- 
trichial conidia  average  10.5x6  (9.5-11.4  x  5.6-6.5)  m;  sickle-shaped, 
Snseptate  conidia  average  30.4  x  3.8^,  and  5~septate  average  50.5  x  4.3m; 
conidia  of  pseudopionnotes  stage  resemble  those  of  F.  anguioides; 
chlamydospores  often  present,  intercalary,  commonly  in  small  clusters; 
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color  of  aerial  mycelium  and  of  substratum  from  white  to  clay  (PL  lu, 
fig.  1)  and  pink,  similar  to  the  color  of  F.  bvUatum  var.  roseum  (PL  iii, 
fig.  2). 

Hab.  On  rotted  tubers  of  Solanum  tvberosum,  together  with  F.  Solani 
and  F.  oocysporum,  New  York  State. 

Latin  description. — Conidiis  in  aerio  mycelio  sparsis  vel  in  pseudopion- 
notibus  et  sporodochiis  distinctis;  typis  variis:  interdum  microconidiis 
unicellularibus,  plus  minusve  pyriformibus,  sporotrichiaUbus;  interdum 


I  Fio.  22. —  Fuaarivm  aporotrichioides.  a,  Pseudopionnotal  conidiaf  b,  varuma  simple  conidio- 
pkoreSf  c,  holla  of  conidiaf  d,  germinating  conidium,  from  6-daya-M  culture  on  hard  potato 
agar;  e,  aporodochial  conidiat  F,  chlamydoapareSf  o,  bcUl  of  conidia,  h,  compound  comdiophoreSf 
from  86-day a-old  culture  on  hard  potato  agar;  i,  aporotrichial  conidia  (aome  germinating), 
J,  conidiophoreaf  from  aerial  mycelium  of  Id-daya-old  cuUvre  on  wheat  grain;  K,  typical,  ihick- 
walled  aporotrichial  conidia,  h,  aickle-ahaped  conidia,  a,  conidiopharea  producing  aickle-ahaped 
conidia,  n,  conidiophore  producing  aporotrichial  conidia,  o,  plectenchymic  atroma,  from  dt- 
daya-old  culture  on  red  raspberry  cane  plug 

macroconidiis  falciformibus,  3-10-septatis,  apice  acutis,  pedicellatis; 
conidiis  0-septatis  sporotrichiaUbus  plerumque  10.5x6  (9.5-11.4x5.6- 
6.5)/Li;  falciformibus,  3-septatis  30.4x3.8/*,  et  5-septatis  50.5x4.3|i; 
conidiis  pseudopionnotum  gradu  similibus  conidiis  F.  anguioidum;  chlamy- 
dosporis  saepe  visis,  intercalaribus,  plerumque  minutis  uveosis;  aerio 
mycelio  substratoque  ex  albo  argillaceo  vel  rubello,  simili  colore  F.  bullati 
rosei. 
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Hab.    In  tuberibus  putridis  Solani  tuberosi  una  cum  F.  Solani  et  F. 
oxysporo,  New  York,  Amer.  bor. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  five  days  old;  conidia 
from  pseudopionnotes: 
Conidia:    0-septate,  2  per  cent 

1-septate,  10.6  per  cent,  19  x  3.5/x 

2-septate,  5.5  per  cent,  28  x  3.7m 

3-septate,  37  per  cent,  32.5  x  4.2  (24-50  x  3.9-4.7)m 

4-septate,  6  per  cent,  45  x  4.2|i 

5-septate,  33  per  cent,  48x4.5  (40-62  x  3.9-5.3)  m 

6-  to  10-septate,  6  per  cent,  50-90  x  5-6.1/* 

On  hard  potato  agar,  culture  eighty-six  days  old;  conidia  from  a  small 
sporodochium,  semi-dry: 
Conidia:    3-septate,  nearly  100  per  cent,  29.5  x  3.4  (20-41  x  3-A)fi 

On  red  raspberry  cane  plug,  culture  fifty-two  dayis  old: 

(1)  Conidia  of  sporotrichial  form 

Conidia:    0-«eptate,  97  per  cent,  9.5  x  6.5  (7-12  x  4-7.5) m 
1-septate,  3  per  cent,  13.5  x  5.2  (10-15  x  4.8-6)m 
2-septate,  rare 
3-septate,  exceptional,  one  measured,  21  x  5.2/i 

(2)  Conidia  of  sickle-shaped  form 

Conidia:    Onseptate,  35  per  cent,  11  x  2.9  (10-13  x  2.5-3.1)m 
l-«ptate,  60  per  cent,  15.5  x  3.2  (12-22  x  2.9-3.5)|i 
2-septate,  very  rare 
3-septate,  5  per  cent,  25  x  3.6  (20-28  x  3-4)m 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  10  days  old; 
conidia  from  a  pseudopionnotes: 
Conidia:    0-septate,  5  per  cent^  10  x  3  (5.2-16  x  2.1-3.7)m 

1-septate,  15  per  cent,  22  x  3.3  (16-28  x  3-n3.5)M 

2-septate,  2  per  cent 

3-septate,  22  per  cent,  33  x  3.8  (27-49  x  3.5-4.8)|i     . 

4-septate,  23  per  cent,  45  x  4  (38-49  x  3.9-4.1)/* 

5-8eptate,  30  per  cent,  51  x  4.1  (41-62  x  3.5-4.7)m 
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6-septate,  1.5  per  cent,  65x4.1  (60-80  x  3.7-4.4) m  (only  four 

measured) 
T^^ptate,  1.5  per  cent,  67x4.5  (62-72  x  4.1-5.3)m  (only  four 

measured) 

On  wheat  grain  culture  sixteen  days  old;  conidia  from  aerial  mycelium: 

(1)  Sporotrichial  form 

Conidia:    0-septate,  70  per  cent,  11.4  x  5.6  (8-16  x  4-6.5)/x 
1-septate,  30  per  cent,  14  x  5.6  (11-17  x  4.8-6)m 

(2)  Sickle-shaped  form 

Conidia:    0-septate,  9  per  cent,  10  x  3.2^ 

1-septate,  68  per  cent,  20  x  3.8  (12-24  x  3-4.2)/x 

2-septate,  5  per  cent 

3-8eptate,  18  per  cent,  32  x  4.3  (24r44  x  3.9-4.7)m 

Average  of  the  above  measurements: 

(1)  Sporotrichial  form 

Conidia:  0-septate,  83  per  cent,  10.5  x  6m 
1-septate,  17  per  cent,  14  x  5.4/i 
2-  and  3-septate,  rare  to  very  rare 

(2)  Sickle-shaped  form 
Conidia:    0-septate,  10  per  cent 

1-septate,  31  per  cent,  10  x  3.1m 

2-8eptate,  2  per  cent 

3-septate,  36  per  cent,  30.4  x  3.8m 

4-septate,  6  per  cent 

5-septate,  13  per  cent,  50.5  x  4.3m 

6-  to  10-septate,  2  per  cent,  about  67  x  4.5m 

VIII.  Section  Ferrucxnosum  n.  sec. 

Conidia  mostly  of  an  intermediate  type,  between  that  of  section 
Gibbosum  and  section  Roseum,  3-  to  7-septate;  intercalary  chlamydo- 
spores  typically  present.  Substratum  and  basal  layer  of  aerial  mycelium 
varying  from  white  when  young  to  different  hues  of  red  at  maturity. 

27.  Fusarium  arcuosporum  n.  sp.  (Figs.  iBiand  23;  PI.  n,  figs.  7  and  8; 
PI.  VI,  fig.  10) 
Conidia  very  gradually  pointed  toward  apex,   distinctly  and  often 
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prominently  pedicellate,  tjrpically  much  arcuate,  5-septate,  49.2  x  4 
(42-54  X  3.6-4.2) M,  also  often  from  3-  to  7-septate;  single  on  aerial 
conidiophores  and  in  from  small  to  medium  (up  to  1.5  millimeters  in 
diameter)  sporodochia,  the  latter  sometimes  converging  into  pseudo- 
pionnotes;  intercalary  chlamydospores  in  mycelial  threads  typically 
present,  though  not  numerous,  and  single  or  only  in  small  clusters  of  from 
two  to  four  cells;  aerial  mycelium  usually  well  developed,  uniform,  white 
at  first,  then,  on  substrata  poor  in  glucose,  of  different  tints  of  pink  with 
the  substratum  of  a  pomegranate  color  of  different  density;  on  potato 
agar  rich  in  glucose,  color  as  shown  in  Plate  11,  figures  7  and  8. 


Fio.  23. —  Fiuarium  wrcuosporum.  a,  SporododwU  conidiaf  b,  conidiophoref  from  BO-days- 
old  cuUure  on  hard  lima-bean  agar  with  2  per  cent  glucose;  c,  conidia  from  email  aerial  sporo- 
dochium  from  49-days-old  cidture  on  whole  steamed  potato  tvber;  d,  typical  conidium  (the  long 
one)  and  abnormal  pseudopionnotal  conidium  from  11 -days-old  hard  potato  agar;  s,  aerial 
conidia,  f,  chlamydospores,  q,  conidiophores,  from  75-days-old  culture  on  red  raepberry  cane 
plug;  H,  pseudopionnotal  conidia,  i,  conidiophores,  from  IB-days-old  culture  on  slightly  acidified 
hard  potato  agar;  j,  conidiophore,  k,  chlamydospores,  h,  conidial  haU,  u,  conidiophores,  fron^ 
aerial  mycelium  from  76-days-M  culture  on  red  raspberry  cane  plug;  n,  chlamydospores  from 
17S-days-old  culiure  on  com  agar;  o,  peculiarly  branched,  p,  normal,  pseudopionnotal  conidia 
from  14'dayS'Old  cidture  on  hard  lima4>ean  agar;  q,  conidia  from  aerial  sporodochium  of  107- 
days-M  culture  on  potato  stem  plug;  R,  conidia  from  109-days-old  culture  on  rye  straw;  B,  typical 
sporodochial  conidium  from  Sl-days-old  cuUure  on  potato  tuber  plug;  t,  chlamydospores  from 
109-days-M  culture  on  rye  straw 

Hab.  On  rotted  tubers  of  Solanum  tvberosum,  in  association  with 
F.  anguioides,  Castile,  New  York. 
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Latin  description, — Conidiis  maxime  gradatim  in  apicem  acutis,  dis- 
tincte  vel  saepe  insignite  pedicellatis,  typice  magnopere  arcuatis,  5--sep- 
tatis,  49.2  x  4  (42-54  x  3.&-4.2)m,  etiam  saepe  3-7-septatis;  continuis  in 
aeriis  conidiophoris  vel  minutis  mediocribusve  (usque  ad  i  mm.  diam.) 
sporodochiis  in  pseudopionnotes  interdum  vergentibus;  chlamydosporis 
intercalaribus  sed  non  plurimis,  continuis  vel  tantum  minutis  uveosis, 
1-3-septatis;  aerio  mycelio  fere  plene  maturo,  uniformi,  primum  albo,  dein, 
in  substratis  parum  glucosis,  rubello  varie  tincto,  substrate  "pome- 
granate" (R);  in  Solani  tuberosi  agare  perglucoso,  colore  Tab.  ii,  figg.  7,  8, 
exhibito. 

Hab.  In  tuberibus  putridis  Solani  tuberosi  una  cum  F.  anguioide, 
Castile,  New  York,  Amer.  bor. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  twelve  days  old;  conidia 

from  aerial  mycelium: 

Conidia:    0-  and  1-septate,  rare,  immature 

3-septate,  17  per  cent,  43  x  3.5  (35-56  x  3-4.1)m 
4r-septate,  19  per  cent,  49  x  3.5  (38-59  x  3-4.1)m 
5-septate,  64  per  cent,  54  x  3.7  (40-74  x  3-4.4)m 
On  red  raspberry  cane  plug,  culture  seventy-five  days  old;  conidia  from 

aerial  myceUum: 

Conidia:    3-septate,  10  per  cent,  45  x  3.4  (28-51  x  3-4)m 
4-septate,  30  per  cent,  50  x  3.5  (36-62  x  3-4.3)m 
5-septate,  60  per  cent,  53  x  3.6  (44-62  x  3.5-4)m 
On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  seven  days  old; 

conidia  from  aerial  mycelium: 

Conidia:  3-septate,  30  per  centl  (granulation  of  the  protoplasm  was  too 
4-septate,  15  per  cent/  great  to  clearly  distinguish  septation) 
5-septate,  55  per  cent,  53  x  3.8  (45-62  x  3.4-4.4)m 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  twenty  days 

old;  conidia  from  pseudopionnotes: 

Conidia:    0-septate,  rare 
1-septate,  rare 

4-septate,  4  per  cent,  47  x  4.2m  (only  two  measured) 
5-«eptate,  95  per  cent,  54  x  4  (47-63  x  3.5-4.8)m 
6-septate,  1  per  cent,  52  x  4.1/*  (only  two  measured) 
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On  potato  tuber  plug,  culture  twenty-four  days  old;  conidia  from  small 
sporodochia: 
Conidia:    1-septate,  1  per  cent,  about  14  x  3.5m  (only  one  measured) 

3-^3eptate,  10  per  cent,  35  x  3.6  (27-43  x  3-4.4)  m 

4r-8eptate,  12  per  cent 

5-septate,  77  per  cent,  45  x  4  (35-61  x  3.3-4.8)m 

6-  and  7-septate,  rare,  52  x  4.5m  (only  two  measured) 

On  potato  stem  plug,  culture  one  hundred  and  seven  days  old;  conidia 
from  aerial  mycelium: 
Conidia:    0-septate,  rare 

1-septate,  2  per  cent 

2-septate,  rare 

3-septate,  50  per  cent,  31  x  3.7m 

4r-septate,  25  per  cent,  40  x  4m 

5-septate,  23  per  cent,  42  x  4.2  (35-48  x  3.9-4.7)m 

On  whole  steamed  potato  tubers,  culture  forty-nine  days  old: 

(1)  Conidia  from  numerous  small  sporodochia,  close  to  the  substratum 
Conidia:    3-septate,  6  per  cent,  about  30  x  3.5  (only  a  few  spores  measured) 

4r-septate,  6  per  cent 

5-«eptate,  80  per  cent,  46  x  4.1  (40-53  x  3.9-4.  1)m 
6-septate,  5  per  cent,  54  x  4.1  (42-65  x  4r4.7)M 
7-septate,  3  per  cent,  59  x  4.2  (48-65  x  4. 1-4.5)  m 
10-septate,  only  one  was  observed,  58  x  4.3m  (the  largest) 

(2)  Conidia  from  small  sporodochia,  in  aerial  mycelium 
Conidia:    3-septate,  rare 

4-8eptate,  rare 

5-septate,  nearly  100  per  cent,  51  x  4  (45-55  x  3.6-4.3)m 

6-septate,  rare 

On  medium  soft  agar,  culture  eleven  days  old;  conidia  from  aeiial 
myceUum  close  to  substratum: 
Conidia:    l-septate,  2  per  cent,  24  x  3.2  (only  a  few  measured) 

3-septate,  8  per  cent,  42x4m  (only  a  few  measured) 

4r-septate,  10  per  cent 

5-septate,  77  per  cent,  45  x  4.1  (41-62  x  3.1-4.8)m 

d-septate,  3  per  cent,  49  x  4.3m  (only  a  few  measured) 


Digitized  by  VjOOQ IC 


I  go  C.  D.  Sherbakoff 

On  hard  lima-bean  agar,  culture  fourteen  days  old;  conidia  from  minute 

converging  sporodochia  close  to  substratum: 

Conidia:    S-septate,  3  per  cent 
4-septate,  1  per  cent 

5-«eptate,  95  per  cent,  49  x  4.2  (41-63  x  3.5-5.3) /x 
6-septate,  1  per  cent,  54  x  4.7m  (only  a  few  measured) 

Average  of  the  above  measurements: 
Conidia:    0-  to  2-septate,  very  rare 

3-septate,  13  per  cent,  38  x  3.5^ 
4-septate,  13.5  per  cent 
6-septate,  72.5  per  cent,  49.2  x  4/i 
6-  and  7-septate,  1  per  cent,  53.6  x  4.3m 

The  organism  occupies  an  intermediate  position  between  section  Roseum 
and  section  Ferruginosum;  its  type  of  conidia  is  that  of  section  Roseum, 
while  because  of  its  true  chlamydospores  of  only  an  intercalary  kind  it 
belongs  to  the  section  Ferruginosum. 

An  especially  striking  peculiarity  of  F.  arcuosporum  is  the  frequent 
occurrence,  especially  in  young  cultures  on  various  agars,  of  conidia  with 
more  or  less  distinct  branches  and  knobs  (Fig.  23  o). 

28.  Fusarittm  ferruginosttm  n.  sp.  (Figs.  1,  h  to  J,  and  24;  PI.  in, 
figs.  9  and  10;  PI.  vi,  fig.  2) 

Conidia  well  developed,  in  from  small  to  medium-sized  (up  to  2  milli- 
meters in  diameter)  sporodochia  or  m  pseudopionnotes,  very  gradually 
pointed  toward  apex,  distinctly  pedicellate,  more  or  less  strongly  arcuate, 
and  broader  in  the  middle  or  in  the  lower  third  of  their  length,  typically 
3-  to  5-septate;  5-septate  average  45.3x4.2  (28-53x4.1-4.2)/*;  conidia 
from  aerial  mycelium — sometimes  also  from  sporodochia  produced  on 
very  old  agar  cultures — typically  3-septate,  30.8  x  3.8/*,  mostly  apedicellate ; 
conidia  from  nearly  white  to  pale  pink  buff  and  deep  vinaceous  in  color; 
intercalary  chlamydospores  in  mycelium  always  present,  often  very 
numerous,  in  long  chains  and  large  clusters;  aerial  mycelium  always 
well  developed,  high,  often  very  dense,  white  at  first  changing  to  pink 
and  then  ferruginous  when  mature,  the  last-named  color  being  due  to 
production  of  great  masses  of  chlamydospores;  color  of  substratum,  on 
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potato  agar  rich  in  glucose,  at  first  pink,  then  ochraceous  tawny,  and 
finally  ferruginous  and  Hay's  russet. 

Hab.  On  rotted  tubers  of  Solanum  tuberosum,  Long  Island,  New  York, 
on  Lycopersicum  esculenium,  Virginia,  and  on  Panax  guinquefolium,  New 
York  State. 

Latin  description, — C!onidiis  plene  maturis — sporodochiis  minutis  vel 
medioeribus  (usque  ad  2  mm.  diam.)  vel  pseudopionnotibus — maxime 
gradatim  in  apicem  acutis,  distincte  pedicellatis,  plus  minusve  valide 
arcuatis,  latioribus  in  medio  vel  in  inferiore  tertio  longitudinis,  typice  3-5- 
septatis;  5-septatis  plerumque  45.3x4.2  (28-53  x4.1-4.2)m;  conidiis 
in  aerio  mycelio — interdum  etiam  ex  sporodochiis  in  vetustissimis  agaris 


Fio.  24. —  FuatBrium  ferruginosum.  a,  Paeudopionnotal  conidia  from  lO-daya-old  cuUurt 
on  hard  linui-ltean  agar;  b,  aporodochial  conidia  from  ISO-days-old  cuUure  on  hard  lima-bean 
agar  wiJSh  B  per  ceni  glucose;  c,  amal  conidia  from  H.-daya-old  evJUure  on  alightly  acidified 
httrd  potato  agar;  d,  pseudopionnotal  conidia  from  S-days-old  culture  on  hard  limaiean  agar; 
s,  Oirial  conuHaf  f,  chlamydosporeSf  from  SS-daye-old  cuUure  on  com  meal;  G,  conidiophoree 
from  S-daye-old  cuUure  on  hard  Hmd-bean  agar 

culturis  crescentibus — typice  3-septatis,  30.8  x  3.8/*,  plerumque  apedicel- 
latis;  conidiis  ex  albido  pallide  rubellis,  gilvis  atque  vinaceosis;  chlamy- 
doeporis  intercalaribus  semper  in  mycelio  praesentibus,  saepe  plurimis, 
longis  catenulatis  longis  uveosisque;  aerio  myceUo  semper  plene  maturo, 
alto,  semper  densissimo,  primum  albo,  dein  rubello  demum  ferrugineo, 
quern  colorem  magnae  moles  chlamydosporum  ortae  efficiunt;  substrato 
in  agare  Solanituberosi  glucoso,  primum  rubello,  dein  "  ochraceous  tawny" 
(R),  demum  ferrugineo  et  "Hay's  russet "  (R). 

Hab.  In  tuberibus  putridis  Solani  tuberosi,  Long  Island,  New  York, 
in  Lycopersico  esculento,  Virginia,  et  in  Panaci  quinquefolio,  New  York, 
Amer.  bor. 

Measurements  of  conidia  on  different  media  are  as  follows: 
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On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  one  hundred 
and  thirty  days  old;  conidia  from  small  sporodochia  produced  after  the 
culture  was  over  eighty  days  old: 
Conidia:    0-septate,  very  rare,  9  x  2.8;; 

1-septate,  4  per  cent,  12  x  3.2/x 

2-septate,  3  per  cent,  17  x  3.5/i 

3-septate,  93  per  cent,  27.3  x  4.1  (17-33  x  3.8-4.4)m 

On  hard  potato  agar  with  10  per  cent  glucose,  culture  seven  dajrs  old  in 
poured  plate: 

(1)  Chlamydospores 

Q-septate,  10  x  9.5  (7-12.5  x  7-11.5)/i 
1-septate,  16  x  11m 

(2)  Conidia  from  aerial  mycelium 
Conidia:    1-septate,  1  per  cent 

2-septate,  1  per  cent 

3-septate,  88  per  cent,  32  x  3.7  (25-40  x  3.1-4.2)m 

4r-8eptate,  6  per  cent 

5-septate,  4  per  cent,  38  x  4.1  (35-42  x  3.9-4.4) /x 

On  hard  limarbean  agar,  culture  three  days  old;  conidia  from  pseudo- 
pionnotes  (near  the  center  of  inoculation) : 
Conidia: .  3-septate,  66  per  cent,  36  x  3.9  (30-41  x  3.5-4.3)/* 

4-septate,  20  per  cent 

5-septate,  14  per  cent,  45  x  4.2  (42-^56  x  3.9-4.7)m 

On  com  meal  agar,  culture  thirty-five  days  old: 

(1)  Chlamydospores  typically  in  chains,  8.5  (5.8-15)/i  in  diameter 

(2)  Conidia  from  aerial  mycelium 

Conidia:    0-septate,  20  per  cent,  8.8  x  2.6  (7-12  x  2.4-3)m 

1-septate,  46  per  cent,  12.8  x  2.9  (9-19  x  2.5-3.1)m 
2-septate,  6  per  cent 

3-septate,  26  per  cent,  20.4  x  3.4  (17-30  x  3-3.8)m 
4r-8eptate,  2  per  cent,  26.7  x  3.9  (24-29  x  3.7-4)/i 

On  hard  lima-bean  agar,  culture  ten  days  old;  conidia  from  pseudopion- 
notes: 

Conidia:    3-septate,  8  per  cent,  41  x  3.9/* 
4r-septate,  12  per  cent,  45.5  x  4/i 
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6-fieptate,  80  per  cent,  63  x  4.2  (50-58  x  4.1-4.4)  m,  the  largest 
observed  being  65  x  4.1m 

On  slightly  acidified  hard  potato  agar,  culture  fourteen  days  old;  oonidia 

from  aerial  mycelium: 

Conidia:    O-septate,  26  per  cent,  10  x  2.5  (8-14  x  1.7-3.6)m 

1-septate,  41.5  per  cent,  17.3  x  3  (14-20  x  2.5-3.5)/* 
2-i3eptate,  10  per  .cent,  19.5  x  3.2  (16-31  x  2.9-4)/i 
3-«eptate,  17.5  per  cent,  28  x  3.6  (19-42  x  2.9-4.7)m 
4-septate,  3  per  centj  ^ ^ ^^  ^ ^ 

5-septate,  2  per  cent  j 

Average  of  the  above  measurements: 
C!onidia:    O-septate,  7.5  per  cent,  9.4  x  2.65m 
1-septate,  14.5  per  cent,  13  x  3m 
2-septate,  3  per  cent 
3-^ptate,  48  per  cent,  30.8  x  3.8m 
4-8eptate,  10  per  cent,  38.8  x  4.03m 
5-septate,  17  per  cent,  45.3  x  4.2m 

The  organism  was  isolated  only  once  from  potato  tubers,  but  it  was 
isolated  by  the  writer  from  a  specimen  of  Rhizoctonia-infected  tomato 
plant  also,  from  Virginia,  and  by  C.  0.  Dalrymple  from  ginseng  garden 
soil  in  New  York  State.    This  seems  to  be  a  cosmopolitan  species. 

29.  Fosarittm  sanguineum  n.  sp.  (Fig.  26;  PI.  m,  figs.  7  and  8;  PI.  vi, 

fig.l) 

Conidia  typically  strongly  arcuate,  gradually  pointed  toward  apex, 
distinctly  pedicellate,  3-  to  6-septate  —  3-8eptate  conidia  averaging 
33.6x3.6  (24-37  X  3.4-3.8)m  and  5-septate  averaging  45.2x4.1  (40- 
47  X  3.9-4.2)  M  —  single,  in  from  small  to  medium-sized  (up  to  2  milli- 
meters in  diameter)  sporodochia  and  in  pseudopionnotes,  the  latter  form 
of  fructification  dominant  on  most  media,  especially  on  agars;  chlamydo- 
spores  almost  always  present,  intercalary  in  conidia  and  in  mycelial 
threads,  bome  singly,  in  chains  and  in  clusters;  aerial  mycelium  seldom 
well  developed  and  then  from  white  to  different  shades  of  pink,  on  various 
agars  mostly  absent  leaving  exposed  pseudopionnotes  of  ox-blood  red 
color. 

13 
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Hab.  On  rotted  tubers  of  Solanum  tvberosum  in  association  with 
F.  hdvlatum  var.  zonatum^  Ithaca,  New  York. 

Laiin  description. — Conidiis  typice  vaUde  arcuatis,  gradatim  in  apicem 
acutis,  distincte  pedicellatis,  3-5-septatis  —  conidiis  3-septatis,  33.5x3.6 
(24-37  X  3.4^3.8) M,  conidiis  5-septatis,  45.2x4.1  (40-^7  x  3.9-4.2)/i  — 
continuis,  minutis  vel  mediocribus  (usque  ad  2  mm.  diam.)  spprodochiis 
et  pseudopionnotibus,  quo  fructificationis  modo  in  plurimis  mediis  fre- 
quentissimo  imprimis  in  agaribus;  chlamydosporis  plerumque  praesentibus, 
intercalaribus  in  conidiis  et  in  hyphis,  singulatim  ortis,  catenulatis  vel 
uveosis;  aerio  myceho  raro  plene  maturo,  sed,  cum  plene  maturum,  turn 


Fig.  25. —  Fusarium  sanguineum.  a,  Pseudopionnotal  conidia  (one  chlamydospqre-like 
conidium)  from  S-days-old  culture  on  hard  lima-bean  agar  urith  2  -per  cent  glucose;  b,  pseudo- 
pionnotal conidia  from  14-days-old  culture  on  hard  linm-bean  agar;  c,  typical  conidium  from 
47 -days-old  cuUwre  on  whole  grains  of  wheat;  d,  pseudopionnotal  conidia  from  1 9-day s-old 
culture  on  slightly  acidified  hard  potcUo  agar;  e,  pseudopionnotal  conidia  from  28-days-old 
culture  on  red  raspberry  cane  plug;  f,  conidia^  g,  chlamydosporesj  from  76-days-old  culture 
on  potato  tuber  plug;  h,  conidiophores  from  23-days-old  culture  on  red  raspberry  cane  plug; 
1,  chlamydospores  from  176-days-old  culture  on  com  agar;  j,  sporodochiol  conidia  from  J^l -days- 
old  culture  on  rye  straw;  k,  conidia  from  176-days-old  culture  on  corn  meal;  l,  conidiophores 
from  47-days-old  culture  on  whole  grains  of  wheat 

ex  albo  varie  rubello  tincto,  in  agaribus  variis  plerumque  g-bsente,  pseudo- 
pionnotes  "  ox-blood  red "  (R)  exponente. 

Hab.  In  tuberibus  putridis  Solani  tuberosi  una  cum  F.  lutulato  var. 
zonato,  Ithaca,  New  York,  Amer.  bor. 

Measurements  of  conidia  on  different  media  are  as  follows: 
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On  red  raspberry  cane  plug,  culture  twenty-three  days  old: 

(1)  Conidia  from  pseudopionnotes 

Conidia:    1-septate,  7  per  cent,  15  x  2.3  (10-23  x  2.2-2.5)m 
2-septate,  2.5  per  cent 

3-fleptate,  17  per  cent,  32  x  3.4  (22-43  x  2.&-4.1)/li 
4-septate,  7  per  cent,  40  x  3.8  (36-45  x  3-4.3)m 
5-septate,  63.5  per  cent,  47  x  4.2  (38-51  x  3.9-4.3)  m 
6-septate,  3  per  cent,  52-60  x  4.1-4.4m  (only  a  few  measured) 
7-septate,  very  few,  52-60x4.1-4.4/*  (only  a  few  measured, 
the  thickest,  swollen,  6.2m  in  diameter) 

(2)  Chlamydospores 

(a)  Unicellular,  in  conidia,  6-12.5  x  6-8m 

(b)  Unicellular,  in  mycelium,  8-17  x  7-14^ 

On  slightly  acidified  hard  potato  agar,  culture  nineteen  days  old;  conidia 

from  pseudopionnotes: 

Conidia:    1-septate,  1  per  cent 
2-septate,  2  per  cent 

3-septate,  57  per  cent,  37.5  x  3.6  (32-50  x  3-4)m 
4-septate,  17  per  cent,  44  x  3.7  (38-60  x  3.5-4.4)m 
5-8eptate,  20  per  cent,  45  x  4.1  (40-60  x  3.8-4.4)m 
fr-septate\  „  x 

7^ptate/  3  ^  «^* 

On  potato  tuber  plug,  culture  seventy-six  days  old;  conidia  from  aerial 
mycelium: 
Conidia:    0-septate,  5  per  cent 

1-septate,  15  per  cent 

2-eeptate,  10  per  cent 

3-fleptate,  55  per  cent,  24  x  3.5  (17-35  x  3-4)m 

4-septate,  7  per  cent 

5-septate,  8  per  cent,  40  x  4.1  (35-43  x  3.5-4.4)/* 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  eight  days  old; 
conidia  from  pseudopionnotes: 
Conidia:    3-septate,  3  per  cent,  41  x  3.8  (35-44  x  3.5-4.1)/* 

4-septate,  5  per  cent 

5-septate,  90  per  cent,  47  x  4.2  (43-51  x  3.9^.7)/4 

6-septate,  2  per  cent 
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On  hard  lima-bean  agar,  culture  sixteen  days  old,  most  of  the  conidia 
swollen  (only  normal,  not  swollen,  conidia,  were  measured) : 
Conidia:    1-septate,  9  per  cent,  14.7  x  2.5  (12-19.5  x  2.3-3) fi 
2-septate,  very  rare 

3-8eptate,  37  per  cent,  33  x  3.5  (18-41  x  3-4.1)m 
4-septate,  14  per  cent 

5-septate,  29  per  cent,  47  x  3.9  (38-56  x  3.5-4.4)/* 
6-septate,  7  per  cent,  50  x  4  (43-58  x  3.9-4.4)/* 
7-septate,  4  per  cent,  50  x  4.1  (49-56  x  4-4.3)/* 
8-septate,  exceptional,  61  x  4.4/*  (only  one  found  and  measured) 

Average  of  the  above  measurements: 
Conidia:    O-septate,  1  per  cent 
1-septate,  6  per  cent 
2-septate,  3  per  cent 
3-«eptate,  34  per  cent,  33.5  x  3.6/* 
4-septate,  10  per  cent 
5-septate,  42  per  cent,  45.2x4.1/* 
6-  and  7-septate,  4  per  cent,  50  x  4.05/* 
8-septate,  very  rare,  61  x  4.4/*  (only  one  measured) 

30.  Fusarium  sanguineum  var.  pallidium  n.  var.  (Figs.  Ik  and  26; 
PI.  m,  figs.  5  and  6;  PI.  vii,  fig.  7) 

Differs  from  F.  sanguineum  by  better  development  of  mycelium,  by 
much  slower  rate  of  colony  growth,  by  paler  color  of  substratum  and 
conidia  (PI.  iii,  figs.  5  and  6),  and  by  chlamydospores  which  are  inter- 
calary, as  in  F.  sanguineum,  but  mostly  in  conidia  and  not  in  mycelium, 
and  of  much  rarer  occurrence  than  in  F.  sanguineum. 

Hab.  On  rotted  tubers  of  Solanum  tuberosum,  in  association  with 
F.  oxysporum,  South  Dakota. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  three  days  old;  conidia 

from  pseudopionnotes: 

Conidia:    2-septate,  rare 

3-septate,  53  per  cent,  45  x  3.9  (38-56  x  3.&4.1)/* 
4-^ptate,  20  per  cent,  40  x  4  (40^7  x  3.9-4.1)/* 
5-septate,  20  per  cent,  53  x  4.1  (47-60  x  3.9-4.3)/* 
&-  and  7-«eptate,  7  per  cent,  55  x  4.3  (52-61  x  4.1-4.8)/* 
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On  red  raspberry  cane  plug,  culture  thirty-two  days  old;  conidia  from 

aerial  mycelium: 

Conidia:    1-septate,  few 

3-septate,  43  per  cent,  30  x  3.8  (19-42  x  2.&-4.3)m 
4-^ptate,  36  per  cent,  36  x  4  (31-42  x  3.5-4.3)/* 
6-septate,  21  per  cent,  39  x  4.1  (33-43  x  3.9^.7) m 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  eight  days  old; 

conidia  from  pseudopionnotes: 

Conidia:  3-^3eptate,  60  per  cent,  41  x  3.7  (35-48  x  3.5-4.1)m 
4-^ptate,  25  per  cent,  51  x  3.8  (44-60  x  3.5-4.1)/* 
5-«eptate,  15  per  cent,  55  x  3.8  (52-56  x  3.5-4) /* 


FiQ.  26. —  Fusarium  aanguineum  var.  paUidium.  a,  Pseudopionnotal  conidia  from  SB-days- 
old  cuJUure  on  red  raspberry  cane  plug;  b,  pseudopionnoial  conidia  from  S-daysild  culture  on 
alighUy  acidified  hard  potato  agar;  c,  pseudopionnotal  conidia  vnth  densely  granulated  content 
and  indistinct  sepUUion  from  S-days-old  culture  on  hard  lima-bean  agar  with  2  per  cent  glucose: 
D,  conidia  {normal^  swollen^  and  with  chlamydospores)  from  amal  mycelium  from  S5-days-old 
cidture  on  whole  steamed  potcUo  tubers;  e,  chlamydospore4ike  swellings  in  mycelium  from  176- 
day  s-M  culture  on  com  agar;  f,  o,  h,  conidiophores  from  H-days^M  oMure  on  hard  Itma- 
bean  agar;  i,  pseudopionnotal  conidia  from  95-days-M  culture  on  whole  steamed  potato  tubers; 
J,  pseudopionnotal  and  atrial  conidia  from  14-days-old  culture  on  hard  lima-bean  agar 


On  whole  steamed  potato  tuber,  culture  thirty-eight  days  old: 
(1)  From  a  tuft  of  conidiophores  over  dry  surface  of  the  tuber,-^  type 
of  spores  very  much  like  that  of  F.  discolor  var.  triseptatum 
Conidia:     1-septate,  2  per  cent 

2-septate,  7  per  cent,  about  17  x  3.6/* 
3-septate,  72  per  cent,  24  x  4.5  (19-32  x  4-4.8)/* 

M  Thifl  type  ie  very  different  from  the  general  type,  and  therefore  was  not  taken  into  account  for  average 
aiae  of  oomdia. 
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4-«eptate,  15  per  cent,  26  x  4.7  (24-30  x  4.6-5.2)m 
5-^ptate,  4  per  cent,  28x4.7  (26-32x4.2-5.2)1*,  the  largest 
45.5  x  5.2m 

(2)  From  pionnotes  over  the  cut  surface  of  the  tuber;  spore  type  close 

to  that  of  F,  arcuosporum 

Conidia:    S-septate,  68  per  cent,  41  x  3.2  (29-48  x  2.9-3.5)m 
4-septate,  20  per  cent,  44  x  3.4  (36-51  x  3.2-4)/* 
6-septate,  12  per  cent,  48  x  3.4  (40-57  x  3-3.7) /x 

On  hard  limarbean  agar,  culture   fourteen   days  old;   conidia  from 
pseudopionnotes : 
Conidia:    1-septate,  2  per  cent,  21  x  2.8/*  (only  three  measured) 

2-septate,  exceptional 

3-septate,  83  per  cent,  37  x  3.5  (33-42  [61  exceptional]  x  3-3.9) /* 

4-septate,  12  per  cent 

5-septate,  3  per  cent,  47  x  3.8  (42-60  x  3.5-4)/* 

On  the  same  medium  and  of  the  same  age  as  the  above,  but  from  a 
semi-dry  minute  sporodochium  near  the  upper  margin  of  the  slant: 
Conidia:     1-septate,  1  per  cent 

3-septate,  56  per  cent,  43  x  3.8  (37-48  x  3.5-4.1)/* 

4r-septate,  29  per  cent 

5-^ptate,  14  per  cent,  44  x  3.9  (40-49  x  3.5-4.2)/* 

31.  Fusarium  bullatum  n.  sp.  (Figs.  1ai  and  27) 

Conidia  typically  somewhat  less  arcuate  than  the  other  species  of  the 
same  section,  less  pointed  toward  the  apex,  and  broader,  usually  distinctly 
pedicellate,  mostly  5-septate,  42x4.3  (31-47x4.1-4.9)/*,  from  pale 
cream  to  salmon  in  color;  chlamydospores  intercalary  in  mycelium, 
mostly  in  chains  and  from  small  to  large  clusters;  aerial  mycelium  nearly 
always  well  developed,  of  uniform  medium  height  and  density,  nearly 
pure  white  in  color;  substratum  on  various  agars  from  colorless  to  a  tint 
of  light  buflF. 

Hab.  On  rotted  tuber  of  Solanum  tvberosumy  together  with  F.  bullatum 
var.  roseum  and  with  F.  oxysporum  var.  resupinatum,  in  Iowa. 
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Latin  description. — Conidiis  typice  paulo  minus  arcuatis  quam  ceteris 
ejusdem  sectionis  speciebus,  minus  in  apicem  acutis,  latioribus,  plerumque 
distincte  pedicellatis,  plerumque  5-septatis,  42  x4.3  (31^7  x4.1-4.9)m, 
e  pallide  "cream  color"  (R)  "salmon  color"  (R);  chlamydosporis  inter- 
calaribus  in  mycelio,  plerumque  catenulatis,  parvis  vel  magnis  uveosis; 
aerio  mycelio  semper  plene  maturo,  uniformi  mediocri  altitudine  atque 
densitate,  ferme  pure  albo;  substrato  in  agaribus  variis  ex  hyalino  pallide 
luteolo  tincto. 

Hab.  In  tuberibus  putridis  Solani  tuberosi  una  cum  F.  bullato  var. 
roseo  et  cum  F.  oxysporo  var.  resupinato,  Iowa,  Amer.  bor. 


Pro.  27. —  Fusarium  huUatum.  a,  Pseudopionnokd  conidia  from  lO-days-old  cvUure  on 
hard  lima-bean  agar;  b,  psetuiopionnotal  conidia  from  TT-daya-dd  culture  on  red  raspberry 
cane  plug;  c,  a  typical  conidium  from  61 -days-old  culture  on  potato  tuber  plug;  d,  conidia  from 
76-days-old  culture  on  potato  tuber  plug;  b,  conidia  from  lO-days-old  culture  on  hard  lima-bean 
agar;  r,  pseudopionnotal  conidia  from  7-days-old  culture  on  hard  potato  agar;  q,  conidiaf  u, 
chlamydosporeSf  from  J^-days-old  culture  on  rye  straw;  i,  chlamydospores  from  77-days-M 
culture  on  red  raspberry  cane  plug;  J,  conidiophores  from  7-day8-old  cvlture  on  hard  potato  agar; 
K,  conidiophore  from  tO-days-old  culture  on  hard  lima-bean  agar;  l,  chains  of  chlamydosporet 
from  17 5-day s-old  culture  on  corn  agar 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  seven  dajrs  old;  conidia 

from  pseudopionnotes : 

Conidia:  3-septate,  16  per  cent,  36  x  3.8  (29-50  x  3.5-4.9)m 
4r^ptate,  19  per  cent,  43  x  4.1  (33-50  x  3.9-4.9)m 
5-septate,  65  per  cent,  45  x  4.4  (37-63  x  4.1^.9)m 
6-  to  8-septate,  rare,  65  x  4.9  (60-82  x  4.7-5.3)m 
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On  red  raspberry  cane  plug,  culture  seventy-seven  days  old;  conidia 
from  atrial  mycelium  close  to  substratum: 
Conidia:    3-septate,  25  per  cent 

4-septate,  20  per  cent 

5-septate,  55  per  cent,  48  x  4.1  (42-53  x  3.5-4.4) m 

On  potato  tuber  plug,  culture  seventy-six  days  old;  conidia  from  aerial 
mycelium: 
Conidia:    1-septate,  5  per  cent 

2-septate,  10  per  cent 

3-septate,  45  per  cent,  31  x  3.7  (22-39  x  3.5-4.6)m 

4-septate,  20  per  cent 

5-septate,  20  per  cent,  39  x  4.2  (35-45  x  4-4.4) m 

Same  aa  preceding,  culture  eighty  days  old;  conidia  from  aerial  mycelium: 
Conidia:    O-septate,  1  per  cent 
1-septate,  4  per  cent 
2-septate,  1  per  cent 

3-«eptate,  40  per  cent,  30  x  3.7  (22-39  x  3.1-4.1)m 
4-septate,  20  per  cent 

5-^ptate,  34  per  cent,  41  x  4.2  (35Ht9  x  3.5-4.7)/* 
6-  to  9-septate,  rare  (the  largest,  9-septate,  56  x  5.7/1) 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  nineteen  days 
old;  conidia  from  pseudcpionnotes : 

Conidia:    3-septate,  2  per  cent,  35  x  3.8/t  (only  three  measured) 
4-septate,  1  per  cent,  38  x  3.9/x  (only  four  measured) 
5-septate,  97  per  cent,  47  x  4.4  (43-54  x  4r4.7)/i 
6-septate,  rare,  51  x  4.5/i  (only  three  measured,  48-53  x  4.3- 
4.8/*) 

On  potato  stem  plug,  culture  one  hundred  and  fourteen  days  old; 
conidia  from  aerial  mycelium : 
Conidia:    3-septate,  16  per  cent 

4r-septate,  14  per  cent 

5-^ptate,  70  per  cent,  41  x  4.35  (36-46  x  4-4.7)/* 
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On  hard  Uma-bean  agar,  culture  ten  days  old;  conidia  from  pseudopion- 
notes: 
Conidia:    O-septate,  rare 

1-septate,  6  per  cent 

2-8eptate,  rare 

3-septate,  15  per  cent 

4r-fleptate,  10  per  cent 

Meptate,  70  per  cent,  43  x  4.1  (36^0  x  3.8-4.7)m 

In  some  cases  5-septate  conidia  were  up  to  100  per  cent,  in  others 
conidia  of  lower  septation  were  as  high  as  50  per  cent.  Of  the  smaller, 
3-septate  conidia  were  dominant. 

On  rye  straw,  culture  fifty  days  old;  conidia  from  atrial  mycelium  close 
to  substratum: 
Conidia:    3-septate,  10  per  cent 

4r-septate,  5  per  cent 

S-fleptate,  85  per  cent,  31.25  x  4.1  (27-36  x  3.9-4.6)m 

Average  of  the  above  measurements: 
Conidia:    O-septate,  rare 

1-septate,  2  per  cent 
2-septate,  1.5  per  cent 
3-fleptate,  21  per  cent,  33  x  3.76/4 
4-septate,  15  per  cent 
5-8eptate,  60.5  per  cent,  42  x  4.3m 
6-  to  8-septate,  very  rare,  58  x  4.7m 

32.  Fuscaium  bvUatum  var.  roseum  n.  var.  (Fig.  28;  PI.  m,  fig.  2) 

Differs  from  F.  bvUatum  mainly  by  its  red  substratum  (on  agar  rich  in 
glucose,  see  Plate  ui,  figure  2)  and  by  higher  septation  of  conidia. 

Hab.    Same  as  that  of  F.  buUatum. 

This  organism  and  F.  bvUatum  are  in  genial,  especially  in  minute 
details  of  the  character  of  the  mycelium  and  in  the  chlamydospores, 
very  much  alike,  and  both  were  isolated  from  the  same  planting  of  diseased 
tissue  of  a  rotted  potato  tuber  and  separated  out  on  the  first  dilution. 
It  is  possible  that  they  represent  an  example  of  a  sudden  and  permanent 
variation  of  one  Fusarium  in  pure  culture. 
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IX.  Section  Elegans  Wr.,  Phytopath.  3:28,  fig.  1,  e,  f,  s,  t,  u,v.  1913 
Fusaria  with  ellipsoidal,  O-  and  1-septate,  microconidia;  macroconidia 
typically  3-septate,  often  also  4-  or  5-septate,  more  or  less  gradually 
pointed  toward  apex,  pedicellate;  chlamydospores  intercalary  and  terminal 
in  and  on  mycelial  hyphse,  always  present,  and  often  also  in  and  on  co- 
nidia:  color  of  conidia  mostly  pinkish  buff;  color  of  substratum,  and  of 
aerial  mycelium  when  present  (on  potato  agar  rich  in  glucose  and  on 
rice),  typically  of  various  vinaceous  hues,  from  light  pinkish  to  dense 
purple. 


Fig.  28. —  Fusarium  buUatum  var.  roseum.  a,  Pseudopionnotal  conidia  from  7 -days-old 
culture  on  slighdy  acidified  hard  potato  agar;  b,  pseudopionnotal  conidia  from  9-days-old  cuUure 
on  hard  lima-bean  agar;  c,  pseudopionnotal  conidia  from  l2-day8-old  culture  on  hard  lima-bean 
agar;  d,  aporodochial  conidia  from  71 -days-old  cidture  on  potato  stem  plug;  e,  pseudopionnotal 
conidia  (many  are  swollen  and  with  oil  drops)  from  S5-days-old  culture  on  com  meal;  f,  conidia 
from  S7-days-old  cuUure  on  hard  oat  gar;  g,  conidia  from  67-days-6ld  cuUure  on  red  raspberry 
cane  plug;  h,  pseudopionnotal  conidia  from  16-day s-old  culture  on  hard  lima-bean  agar  {the 
two  at  the  left  typical  for  older  growth^  the  one  at  the  right  for  young  growth);  i,  chlamydospores, 
intercalary  in  chains  and  in  clusters  y  from  67-day  s-old  culture  on  red  raspberry  cane  plug; 
J,  chlamydospores  from  IB-days-old  culture  on  hard  lima-bean  agar;  k,  l,  m,  conidiophores 
from  7 -days  old  culture  on  slightly  acidified  hard  potato  agar;  n,  conidiophores  from  12-days-M 
cuUure  on  hard  lima-bean  agar;  o,  conidiophores  from  36-days-oid  culture  on  corn  meal 

SZ.  Fusarium  orthoceras  Ap.  et  Wr.  (Figs.  1,  ii  to  Ki,  and  29) 

Appel,  O.,  and  Wollenweber,  H.  W.    Arb.  K.  biol.  Anst.  Land-  u.  Fo  stw. 

8:141-156;  PI.  i,  figs.  60  to  64;  PI.  m,  fig.  2.     1910.    WoUenweber,  H.  W., 

Phytopath.  3:30,  fig.  Is.    1913. 
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Microconidia  always  greatly  in  excess;  ma- 
croconidia  ranging  from  rare  to  several  per  cent 
of  the  total  number  of  conidia,  mostly  nearly 
straight,  sometimes  slightly  curved,  typically 
»-septate,  36x3.85  (25-40x3.2-4)/*;  aerial 
mycelium  usually  well  developed,  from  white 
to  a  tint  of  olive-buff;  substratum,  on  potato 
agar  rich  in  glucose,  colorless  at  first,  then 
from  russet  vinaceous  to  deep  brownish 
vinaceous;  no  sporodochia;  no  pseudopion- 
notes;  no  sclerotia.  Not  the  same  as  F. 
oxyaporum. 

Hab.  Roots  and  tubers  of  Solanacese,  also 
on  various  other  hosts  and  in  soil,  in  Europe 
and  North  America. 

The  organism  was  not  isolated  by  the  writer. 
The  original  culture  was  obtained  from  the 
Centralbureau  der  Association  Internationale 


Fio.  30. —  Ftuarium  anguatum.  a,  Paeudopiannotal  conidia 
from  4'^ay8-old  culture  on  slightly  acidified  hard  potato 
agar;  B,  conidiophores  from  surface  of  the  exposed  svbsiratum 
from  tS-days-old  culture  on  com  agar;  c,  pseudopionnotal 
conidia  from  9-days-old  culture  on  hard  lima-bean  agar,  unth 
B  per  cent  glucose;  d,  pseudopionnotal  conidia  from  S-days- 
old  culture  on  hard  lima-bean  agar;  e,  micrdconida  from 
atrial  mycelium;  P,  chlamydospores  from  74-day8-old  red 
raspberry  cane  plug;  o,  conidiophores  from  O-days-old  cul- 
ture on  hard  lima-iean  agar  with  £  per  cent  glucose 


Pro.  29. —  Fusarium  orOioceras. 
A,  Conidia  from  IB-days-cld 
cidture  on  slightly  acidified 
hard  potato  agar;  b,  conidia 
from  £6-day8'-old  culture  on 
potato  tuber  plug;  c,  conidia 
from  IS-days-M  culture  on 
hard  lima-bean  agar  with  B  per 
cent  glucose;  d,  ddamydospores 
from  IS-days-old  culture  on 
slightly  acidified  hard  potato 
agar;  e,  conidia^  some  in  a 
baU,  with  conidiophore  of  com- 
mon type,  from  SO-days-old 
culture  on  com  agar;  p, 
chlamydospores  from  SS-days- 
old  cidture  on  potato  tuber  plug 

des  Botanistes,  Amster- 
dam, Holland,  and  was 
studied  in  conjunction 
with  the  other  Fusaria. 
The  above  description 
is  in  the  main  the  same 
as  that  given  by  Wol- 
lenweber. 

34.  Fusarium  angus- 
tum  n.  sp.  (Figs.  1,  d 
and  Hi,  and  30) 

Conidia  gradually 
pointed  toward  apex, 
from  slightly  curved  to 
nearly  straight  or  an- 
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guiform,  usually  distinctly  pedicellate,  mostly  Snaeptate,  46.64  x  3.52 
(42-49x3.3-3.6)/*,  often  0-  to  5-septate,  sometimes  6-  to  8-septate; 
on  various  agars  usually  producing  thin  pseudopionnotes,  otherwise 
very  similar  to  F.  oxysporum, 

Hab.  In  discolored  fibrovascular  bundles  of  tubers  of  Solanum  tvbe^ 
rosym,  Ithaca,  New  York. 

LcuHn  description. — Conidiis  gradatim  in  apicem  acutis,  paulum  cur- 
vatis  vel  prope  rectis  anguiformibusque,  plerumque  distincte  pedicel- 
latis,  plerumque  3-septatis,  45.64x3.52  (42-49x3.3-3.6)/*,  saepe  0-5- 
septatis,  interdum  6-8-septatis;  in  variis  agaribus  tenues  pseudopionnotes 
plerumque  exhibentibus,  aliter  simillimis  F.  oxysporo. 

Hab.  In  tuberum  fasciculis  decoloratis  fibro-vascularibusque  Solani 
tuberosi,  Ithaca,  New  York,  Amer.  bor. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  four  days  old;  conidia 

from  pseudopionnotes: 

C!onidia:    0-septate,  6  per  cent,  12  x  2.5  (&-18  x  1.&-3.5)/* 

1-^ptate,  7  per  cent,  32  x  2.9  (19-52  x  2.5-4.2)iti 
2-septate,  2  per  cent,  32  x  2.7  (30-39  x  2.5-^)/* 
3-septate,  44  per  cent,   42.2  x  3.3  (31-69  x  2.5-4.4)iti 
4-septate,  13  per  cent,    60".4  x  3.8  (47-70  x  3.5-4.4)/i 
5-septate,  27  per  cent,  63  x  3.9  (43-81  x  3.5-4.1)/* 
6-  to  8-^ptate,  1  per  cent,  90  x  4.1  (80-102  x  4-4.4)/* 

On  red  raspberry  cane  plug,  culture  seventy-four  days  old : 
Conidia:    0-septate,  90  per  cent 
1-septate,  7  per  cent 
3-septate,  3  per  cent,  39.4  x  3.81  (30-50  jc  3-4.8)/* 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  nine  da3rs  old; 
conidia  from  pseudopionnotes: 
Conidia:    0-septate,  54  per  cent,  10  x  2.8  (5-15  x  2.7-3.1)/* 

l-septate,  7  per  cent,  18  x  2.9  (15-22  x  2.7-3.1)/* 

2-septate,  3  per  cent 

3-«eptate,  20  per  cent,  43  x  3.6  (29-53  x  3-4.1)/* 

4-septate,  8  per  cent 

5-^ptate,  8  per  cent,  59  x  4.5  (52-70  x  3.9-4.8)/* 

6-septate,  few,  70  x  4.7/*  (only  one  measured) 
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On  hard  lima-bean  agar,  culture  eight  days  old;  conidia  from  pseudo- 
pionnotes  (measiu'ements  made  in  April): 

Conidia:  0-septate,  39  per  cent,  11  x  2.6  (8.7-14  x  2.1-3.2)m 
1-septate,  17  per  cent,  18  x  3.2  (14-23  x  2.9-3.9)/* 
-  2-fieptate,  3  per  cent,  24  x  3.3/*  (only  four  measured) 
3-^ptate,  32  per  cent,  49  x  3.6  (42-^6  x  3.6-4.8)/* 
4-septate,  2  per  cent,  53  x  4/*  (only  four  measured) 
5-septate,  6  per  cent,  68  x  4.3  (52-«5  x  3.6-4.8)/* 
6-septate,  1  per  cent,  73  x  4.7/*  (only  one  measured) 

On  same  media,  culture  nine  da3rs  old  (measurements  made  in  May) : 
Conidia:    0-septate,  11  per  cent,  10  x  2.6  (6-16  x  1.6-3.3)/* 
1-septate,  9  per  cent,  17  x  3.1  (12-24  x  2.6-4)/* 
2-septate,  1  per  cent 

3-septate,  43  per  cent,  49  x  3.6  (31-64  x  2.7-4.1)/* 
4-septate,  13  per  cent 
6-i3eptate,  23  per  cent,  60  x  4  (64-71  x  3.6-4.7)/* 

Average  of  the  above  measurements: 
Ck>nidia:    0-septate,  27.6  per  cent,  11  x  2.6/* 
1-septate,  10  per  cent,  21  x  3/* 
2-septate,  2  per  cent,  28  x  3/* 
3-fieptate,  36  per  cent,  46.64  x  3.62/* 
4-«eptate,  9  per  cent,  66.7  x  3.9/* 
5-septate,  16  per  cent,  60  x  4.2/* 
6-septate,  0.5  per  cent,  78  x  4.5/* 
S-septate,  very  rare,  78  x  4.5/* 

35.  Fusarium  redolens  Wr.^  var.  Solani  n.  var.  (Figs.  1pi  and  31;  PL  n, 
figs.  3  and  4;  PI.  v,  fig.  2) 

Macroconidia  typically  more  or  less  gradually  attenuate,  sometimes  sud- 
denly constricted  at  the  apex,  pedicellate,  tjrpically  broader  toward  and 

•  Fu^artum  redcimu  Wr.  ia  dMoribed  by  ita  author  (see  WoUenweber,  Phytopath.  3:  20-^,  fig.  la, 
1913)  as  fdlows: .  "  DifiFen  from  all  the  above-mentioned  species  [F.  oseytporum,  F.  Wat^kei'thihi.m,  F. 
tatMedum^  F.  faw»^«dvm  var.  inodorafum,  F.  lyeopernci,  and  F.  niveum]  in  the  large  die  of  its  tiiwptate 
oanima,  30-40  z  4.A-^.5tt.  and  in  the  color  of  the  brownish  white  oontdial  masses.  A  lilac  odor  is  produced 
on  rice  and  milk.  No  blue  sderotia.  Vascular  parasite,  cause  of  wilt  and  foot  disease  of  Pisum  saCwum. 
Diitnbtttkn  unknown." 
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more  curved  near  apex,  3-septate,  36.4  x  4.86  (31-41  x  4.3-6) /x,  often 
also  4-  and  5-iseptate,  usually  in  numerous  from  small  to  medium  (up  to 
2J  millimeters,  commonly  J  millimeter,  in  diameter)  sporodochia, 
sometimes,  especially  on  different  agars  and  in  an  early  stage  of  culture 
growth,  in  pseudopionnotes;  from  nearly  white  in  color  when,  in  small 
powdery  masses,  to  a  bright  orange  color  when  in  comparatively  large 
sporodochia  on  nearly  dry  potato  stems;  mostly,  however,  from  a  light 
pinkish  cinnamon  to  a  pinkish  buff;  aerial  mycelium  sometimes  medium 
well  developed  but  usually  very  scant,  short,  from  white  to  somewhat  gray- 
ish or  brownish  gray  in  color  (PI.  ii,  fig.  3);  color  of  substratum,  on  agar 
rich  in  glucose,  as  shown  on  Plate  ii,  figure  4,  which  is  different  from  all 
the  other  Fusaria  of  the  section  Elegans. 


Fig.  31. —  Fmarium  redolens  var.  Solam,  A,  Chlamydospcrea  produced  by  eonidia  and 
mycelium  from  IBO-daya-old  cvlture  on  potato  stem  plug;  p,  conidiophores  from  IJ^-days-old 
cuUwre  on  slightly  acidified  hard  potato  agar;  c,  anastomosed  eonidia  from  IS-days-old  cuUure 
on  hard  lima-bean  agar;  d,  sporodochial  eonidia  from  Sd-days-cld  cuUure  on  potato  stem  plug; 
E,  pseudopionnotal  eonidia^  p,  conidiophores^  from  H-days-old  cuUure  on  slightly  acidified 
hard  potato  agar;  o,  sporodochial  eonidia  from  SS-days-old  cuUure  on  whole  grain  of  rye;  h,  normal 
pseudopionnotal  eonidia  from  IS-days-M  cuUure  on  hard  lima-bean  agar;  i,  pseudopionnotal 
eonidia  from  B-days-M  culture  on  hard  lima-bean  agar  with  iS  per  cent  glucose  (pie  longest  spore 
is  typical);  j,  pseudopionnotal  eonidia  from  liO-days-old  culture  on  potato  stem  plug;  K,  <po- 
rodochial  eonidia  from  J^-days-old  cuUure  on  red  raspberry  cane  plug 


Hab.    On  rotted  tubers  of  Solanum  tuberosum,  Atlanta,  New  York. 
Differs  from  F.  redolens  Wr.  by  somewhat  narrower  eonidia  and  by 
color  of  substratum,**  especially  on  potato  agar  rich  in  glucose. 
Measurements  of  spores  on  different  media  are  as  follows: 

*  Wollenweber  does  not  directly  give  color  of  substratum  of  his  P.  redolens,  but  judging  from  his  definite 
negative  statement  in  regard  to  P.  conglutinaru  Wr.  it  appears  evident  that  P.  redolens  does  not  differ  r"'" 
ab^  in  color  from  P.  oxysporum  and  the  majority  of  other  species  of  the  section  Elegans. 


Digitized  by  VjOOQ IC 


FusARiA  OF  Potatoes  207 

On  slightly  acidified  hard  potato  agar,  culture  fourteen  days  old;  conidia 

from  pseudopionnotes: 

Conidia:    2-septate,  0.5  per  cent,  26  x  4.7/* 

3-septate,  93.5  per  cent,  36  x  5  (26^9  x  4.3^.8) m 
4-«eptate,  6  per  cent,  41.6  x  5.3  (38-46  x  4.9-6.1)/* 
6-  and  6-septate,  rare,  43-53  x  5-6m 

On  red  raspberry  cane  plug,  culture  forty-eight  days  old;  conidia  from 
a  small  sporodochium : 
Conidia:    0-septate,  2  per  cent 
1-septate,  1  per  cent 
3-septate,  97  per  cent,  36.6  x  5  (28-45  x  4-5.9)/* 

On  hard  limarbean  agar,  culture  nine  days  old;  conidia  from  pseudo- 
pionnotes: 
Conidia:    0-septate,  17  per  cent,  10  x  3.6  (6-16  x  3-4.3)/* 

1-septate,  10  per  cent,  20  x  3.9  (14-28  x  3.5-4.7)/* 

2-«eptate,  3  per  cent 

3-^ptate,  70  per  cent,  34  x  4.9  (28-43  x  4.3-5.3)/* 

4-septate,  rare 

On  potato  tuber  plug,  culture  ninety-nine  days  old;  conidia  from  a  me^ 
dium  small  sporodochium: 
Conidia:    2-septate,  rare,  27  x  4.8/jt 

3-septate,    100  per  cent,  33.6  x  4.9  (29-39  x  4.6-5.7)/* 

On  potato  stem  plug,  culture  one  hundred  and  thirteen  da3rs  old: 

(1)  Chlamydospores,  mostly  unicellular 
Chlamydospores:    0-septate,  6.5  x  6.1  (4.7-11  x  5.2-7.5)/* 

(2)  Conidia  from  a  sporodochiimi 
Conidia:    0-  and  1-septate,  very  rare 

3-^3eptate,  100  per  cent,  34.5  x  4.5  (24-39  x  3.9-5.1)/* 
4r-septate,  very  rare,  about  the  same  size  as  3-i5eptate 

On  whole  steamed  potato  tuber,  culture  forty-nine  days  old;  conidia 
from  a  medium  small  sporodochium: 
Conidia:    0-  and  1-septate,  rare 

3-«eptate,  100  per  cent,  31  x  4.3  (29-36  x  4.1-4.8)/^ 
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On  rye  grain,   culture  sixty-three  days  old;   conidia  from   ^  smaO 
sporodochium: 

(1)  Conidia:    0-fleptate,  5  per  cent 

1-septate,  3  per  cent 
^  2-septate,  1  per  cent 

3-«eptate,  91  per  cent,  34.6  x  4.6  (28-41  x  3.8-6.2)m 
4-fleptate,  rare 
5-septate,  very  rare 

(2)  Chlamydospores  in  mycelium,  terminal,  about  the  same  size  as  those 
on  potato  stem  plug 

On  com  agar,  culture  one  hundred  and  seventy-three  days  old,  chlamy- 
dospores intercalary  and  terminal: 

Chlamydospores:    0-septate  (in  conidia),  9.4  x  8.3  (7-11  x  6.2-9)ju 
1-septate  (in  mycelium),  16  x  9  (11-20  x  7-11)/* 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  one  hundred 
imd  eighteen  days  old: 

(1)  Chlamydospores  not  numerous;  in  comdia,  0-aeptate,  8.7x8.5/*;  in 
mycelium,  Q-  and  l-septate,  and  also  in  small  clusters  of  three 

(2)  Sporodoohial  conidia 
Conidia:    1-septate,  rare 

3H8eptate,  94  per  cent,  37  x  5  (28-44  x  4.6-5.9)/* 
4-septate,  6  per  cent,  40  x  5.05  (37-44  x  4.7-5.9)iti 
5-septate,  rare,  about  the  same  size  as  4-septate 

On  hard  lima-bean  agar,  culture  five  days  old;  chlamydospores  (in 
conidia)  not  observed;  conidia  from  pseudopionnotes: 
Conidia:    0-fleptate,  10  per  cent,  11  x  3.6/* 

1-septate,  3  per  cent,  22  x  4/* 

2-septate,  1  per  cent 

3-septate,  86  per  cent,  41  x  4.9  (33-53  x  4.6-5.2)/* 

4-septate,  rare 

5-septate,  very  rare 

On  the  same  medium  as  above,  culture  thirteen  da3rs  old;  conidia  from 

pseudopionnotes : 

Conidia:    0-septate,  rare 

3-septate,  97  per  cent,  41  x  4.9  (34-i9  x  4.2-5.2)/* 
4-^eptate,  3  per  cent,  43  x  5  (36-48  x  4.7-6.2)/* 
5-septate,  rare,  46  x  6.1  (43-47  x  4.8-n5.2)/i 
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Average  of  the  above  measurements: 
Conidia:    0-septate,  3.5  per  cent,  10.5  x  3.6/* 
1-septate,  1.5  per  cent,  21  x  3.95/* 
2-septate,  0.6  per  cent,  26.5  x  4.75/* 
3-septate,  03  per  cent,  36.4  x  4.86/* 
4-8eptate,  1.5  per  cent,  41.6  x  5.12/* 
5~septate,  rare,  44.3  x  5.2/* 
6-septate,  very  rare 

36.  Fusarium  lutulatum  n.  sp.  (Figs.  1fi  and  32;  PI.  n,  figs.  5  and  6; 
PL  V,  fig.  3) 


Fio.  32. —  Ftucarium  ItUulaium.  a,  Conidia  from  plecienchymie  sporodochium  from  60- 
days-old  culture  on  red  raspberry  cane  plug;  B,  paeudopionnotal  conidia  from  B-days-M  cuUure 
on  hard  lima-bean  agar  with  $  per  cent  glucose;  c,  pseudopionnotal  conidia  from  d-days-old 
culture  on  hard  lima-iean  agar;  d,  sporodochial  conidia  from  dS-days-M  cuUwe  on  whole  grain 
of  rye;  b,  sporodochial  conidia  from  j^-days-old  culture  on  whole  steamed  potato  tuber;  f,  pseudo- 
pionnotal conidia  from  iS-days-old  culture  on  slightly  acidified  hard  potato  agar;  g,  h,  i,  j, 
conidiophores  from  S-days-old  culture  on  hard  lima-bean  agar;  k,  conidiophores  from  BS-days- 
old  culture  on  slighdy  acidified  hard  potato  agar;  l,  terminal  and  intercalary  chlamydospores 
from  dS-days-M  culture  on  whole  grain  of  rye;  m,  chlamydospores  from  M-days-old  cuUure 
on  com  agar 

Macroconidia  gradually  attenuate  toward  the  apex,  usually  distinctly 
pedicellate  and  uniformly  curved  throughout,  without  stronger  curvature 
near  apex,  typically  3-i3eptate,  34x4  (2fr-38x  3.7-4.5)/*,  also  2-  to  6- 
septate;  from  small  to  medium  sporodochia  (up  to  2  millimeters  in  diam- 
eter), often  converging  into  pseudopionnotes;  aerial  mycelium,  when 
present,  short,  (mostly  from  1  to  2  millimeters  high),  white,  often,  especially 
on  agars  in  plate  cultures,  absent;  color  of  conidia  from  nearly  white 
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(on  aerial  mycelium  in  the  form  of  coarse  powder)  to  dark  vinaceous 
purple;  typical  variation  of  spore  color  shown  in  Plate  ii,  figures  5  and  6; 
sometimes  on  potato  stem  plug,  from  one  to  a  few  large  sporodochia 
(2  millimeters  in  diameter)  of  a  bright  orange  color  produced;  substratum 
from  colorless  to  that  of  the  conidial  masses;  small  bluish  black  sclerotia 
(J  millimeter  in  diameter)  sometimes  produced,  and  then  in  great  num- 
bers all  over  the  substratum  (on  potato  tuber  plug) ;  zonation  of  colony 
very  faint  or  none  on  neutral  agars  in  plate  cultures. 

Hab.  On  soft  and  dry  rotted  tubers  of  Solarium  tuberosum,  Atlanta, 
New  York. 

Latin  description. — ^Macroconidiis  gradatim  in  apicem  attenuatis,  pler- 
umque  distincte  pedicellatis  et  aequabiliter  curvatis,  non  ad  apicem 
curvatioribus,  typice  3-septatis,  34  x  4.23  (28-38  x  3.7-4.5) m,  vel  etiam 
2-5-septatis;  sporodochiis  minutis  vel  mediocribus  (usque  ad  2  mm.  diam.), 
saepe  in  pseudopionnotes  vergentibus;  aerio  mycelio  saepe — praecique  in 
agaribus  in  culturis  in  patellis  factis — absente;  conidiisex  albido  (in  aerio 
mycelio  similibus  magnis  granis  pulveris)  "dark  vinaceous  purple"  (R); 
vide  typicam  spororum  colons  variationem,  Tab.  ii,  figg.  5,  6;  interdum 
in  tuberibus  Solani  tuberosi,  vel  unis  vel  paucis  sporodochiis  (2  mm.  diam.) 
nitide  "orange"  (R);  substrato  hyalino  vel  eodem  colore  quo  conidiorum 
moles;  interdum  sclerotiis  minutis  livido-atris  (^  mm.  diam.),  tum  demum 
eorundem  magnis  numeris  passim  in  substrato  in  tuberibus  Solani  tuberosi; 
zonatione  coloniae  vel  maxime  indistincta  vel  nulla  in  agaribus  neutralibus 
in  culturis  in  patellis  factis. 

Hab.  In  mollibus  vel  aridis  putridis  tuberibus  Solani  tuberosi,  Atlanta, 
New  York,  Amer.  bor. 

Measurements  of  spores  on  different  media  are  as  follows: 

.   On  slightly  acidified  hard  potato  agar,  cillture  twenty-three  days  old; 

conidia  from  pseudopionnotes: 

Conidia:    Q-septate,  4.5  per  cent,  9  x  2.7  (6-14  x  2.5-3) /x 
1-septate,  1  per  cent,  18  x  3.2  (13-22  x  2.6-4)/x 
2-^ptate,  0.5  per  cent,  19.5  x  3.2  (17-23  x  2.7-3.5)iti 
3-septate,  89  per  cent,  35.2  x  4.5  (23-38  x  3.5-4.7) /x 
4-septate,  4.8  per  cent,  37.8  x  4.6  (31^0  x  4.3-4.7)ai     • 
6-septate,  0.2  per  cent,  46  x  4.7  (38-60  x  4.7) m 
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On  red  raspberry  cane  plug,  culture  sixty  da3rB  old;  oonidia  from  a 

medium-sized  sporodochium: 

Conidia:    0-septate,  25  per  cent 
1-septate,  6  per  cent 
2-septate,  1  per  cent 

3-septate,  66  per  cent,  38  x  4.2  (27-44  x  3.5-4.7)m 
4-septate,  4  per  cent,  42  x  4.4  (36^9  x  3.7-4.7)m 
5-septate,  rare,  about  the  size  of  4-septate  conidia 

On  hard  lima-bean  agar,  culture  nine  days  old;  conidia  from  aerial 
mycelium : 
Conidia:    0-septate,  57  per  cent,  8.5  x  2.8  (7-12  x  2.6-3.5)/* 

1-septate,  16  per  cent,  14.5  x  3.25  (11-21  x  2.9-3.8)/* 

2-septate,  3.5  per  cent 

3-septate,  23  per  cent,  28  x  3.9  (23-37  x  3.5-4.4)/* 

4r^ptate,  0.5  per  cent,  35  x  3.9  (30-37  x  3.5-4.4)/* 

On  same  media,  culture  twenty-two  days  old;  conidia  from  small  sporo- 

dochia: 

Conidia:  0-septate,  3  per  cent 
1-septate,  1  per  cent 
2-septate,  rare 

3-septate,  84  per  cent,  36  x  4  (29-40  x  3.9-4.4)/* 
4-septate,  10  per  cent,  39  x  4.3  (33-42  x  3.9-4.7)/* 
5-septate,  2  per  cent,  41  x  4.2/x  (only  a  few  measured) 

On  hard  potato  agar,  culture  thirty-one  days  old: 

(1)  Conidia  from  pseudopionnotes 

Conidia:    0-«eptate,  26  per  cent,  7.4  x  2.7  (5.2-12  x  2.6-3.5)/* 

1-septate',  4  per  cent,  13  x  3.3/x  (only  three  measured) 
2-septate,  rare,  20  x  3.7/*  (only  three  measured) 
3-fieptate,  54  per  cent,  35  x  4.2  (20-41  x  3.4-4.8)/* 
4-septate,  12  per  cent,  40  x  4.4  (35-44  x  4-4.8)/* 
5-septate,  4  per  cent,  43  x  4.8  (41^6  x  4-4.8)/* 

(2)  Chlamydospores  (abundant) 

(a)  Terminal,  0-septate,  on  mycelium,  8  x  6.6  (7-9  x  6-7)/* 

(b)  Intercalary,  in  mycelium 

0-septate,  8.2  x  6.2  (6-9  x  4.5-8)/* 
1-septate,  11  x  5.7/t  (only  a  few  measured) 

(c)  In  conidia,  0-septate,  6.5  x  5.9/* 
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On  potato  tuber  plug,  culture  ninety-nine  (lays  old: 

(1)  Conidia  from  a  sporodochium 

Conidia:    0-«eptate,  5  per  cent,  6.2  x  2.4  (4.6-8  X  3-2.9)m 

l-septate,  1  per  cent,  13  x  2.7/*  (only  a  few  measured) 
2-septate,  rare,  20  x  3.8^  (only  a  few  measured) 
3-septate,  92  per  cent,  32  x  3.8  (3{h88  %  3-4.2>/* 
4-Beptate,  rare,  37  x  ^.l/t  (only  one  pt^e^ured) 
'  5-septate,  very  rare,  about  the  size  qf  4-aeptate 

(2)  Chlamydospores,  numerous,  mostly  in  co^}dW' 

(>-«eptate,  6.8x5.1  (5,3-7.2  x  4.6-6.3)m 

l-«eptate,  9.6  x  5.1  (7.8-12.3  x  4.1-ft)^,  the  largest  8.8  x  6.1m 

On  potato  stem  plug,  culture  pne  hundred  a^4  jiwelve  days  old: 

(1)  Conidia  from  a  sporodochium 
Conidia:    0-septate,  1  per  cent 

l-septate,  rare 

3-septate,  79  per  cent,  86.4  x  4.1  (33-^0  x  3.9-4.7)m 
4-septate,  13  per  cent,  40  x  4.2  (36-43  %  3.9^.4)/* 
5-septate,  7  per  cent,  40  x  4.3  (35-45  x  4-4.7) m 
6-septate,  very  rare,  same  size  as  5-8eptate 

(2)  Chlamydospores,  in  conidia  common,  mQstly  0-septate,  6.3  x  5.2 

(5.1-8  X  4.3-€)/i 

On  whole  steamed  potato  tuber,  culture  forty-nine  days  old;  conidia 

from  a  sporodochium: 

Conidia:    0-septate,  4  per  cei^t 

3-^eptate,  86  per  c^ut,  36  x  3.7  (22-44  x  ?.9-4.1)m 
4-septate,  8  per  cent,  38  x  4.1  (36-43  x  3.9-4.2)/* 
5-«eptate,  2  per  gant,  40  x  4.1  (37-44  x  4.1)/* 

On  rye  grtun,  culture  sixty-three  days  old;  conidia  from  a  small  sporo- 
dochium: 

Conidia:  O^ptate,  35  per  cent 
l-septate,  12  per  cent 
2-septate,  1  ger  cent 

3-septate,  4|  per  cent,  34  x  4  (24-44  x  3.5-4.4)/* 
4-septate,  5  per  cent,  41  x  4.2  (36-47  x  4rA.7)ti 
5-septate,  f  per  cent,  45  x  4.3  (44-51  x  4-4.7)/* 
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On  corh  agair,  culture  one  hundred  and  seventy-two  days  old;  most  of 
the  conidia  with  chlamydodpotw: 

(1)  Pseudopionnotal  conidia  (only  those  without  chlamydospores  were 

meanured) 
Conidia:    S-^septate,  32  x  4m 
i-iteptate,  35  x  4.1m 
SHseptate,  37  x  4.2m 

(2)  Chlamydospotes  in  conidia  very  numerous,  0-septate  predominant, 

7.3  k6.B  (6-10  x5-d)M 

On  hard  Umarbean  agar  with  2  pet*  cent  glucose,  culture  one  hundred 
and  eighteen  days  old: 

(1)  Chlamydospores  in  conidia  very  numerous,  0-septate  predominant, 

7.2x6.7((y-8x5.2-6)M 

(2)  Sporodochial  conidia 

Conidia:    3-fleptate,  99  per  cent,  33  x  4.2  (29-39  x  3.8^.7)m 

4-8eptate»  1  per  cent,  36  x  4.3  m  (only  three  measured) 

On  hard  Umarbean  agar,  culture  five  days  old;  conidia  from  aerial  myce- 
lium (dilamjrdospores  in  conidia  not  observed) : 
Conidia:    O-septate,  46  per  (jent,  about  11  x  2.6m 

1-septate,  4  pet  cent,  about  16  x  3.1m 

^-septate,  1.6  per  cent 

3-^ptate,  48  per  cent,  32  x  4  (23-41  x  3.5-4.3)m 

4-8eptate,  0.6  per  cent,  36  X  4.1m  (only  two  measured) 

On  same  medium  as  above,  culture  thirteen  days  old;  conidia  from 
aerial  myceliimi: 
Conidia:    0-«eptate,  26  per  cent 

1-^fleptate,  6  per  cent 

2-septate,  1  per  cent 

3-«eptate,  63  per  cent,  36  X  4.2  (3(M0  x  3.9-4.7)m 

4-septate,  6  per  cent,  37.8  x  4.4  (33-41  x  4-4.7)m 

Average  of  the  above  measurements: 
Conidia:  0-^ptate,  20  per  cent  8.4  x  2.6m 
1-septate,  1.5  per  cent,  15  x  3.2m 
2-septate,  3.5  per  cent,  20  x  3.4m 
3^3eptate,  69  per  cent,  33.9  x  4.07m 
4-septate,  5  per  cent,  39.4  x  4.23m 
6-i9eptate,  1  per  cent,  41.1  x  4.32m 
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37.  Fusarium  MuUxtum  var.  zonatum  n.  var.  (PL  i,  figs.  9  and  10; 
PI.  V,  fig.  4) 

Differs  from  F.  Ivivlatum  by  slightly  shorter  and  broader  microconidia; 
usually  by  the  absence  of  chlamydospores  in  conidia;^^  by  conidia 
somewhat  less  pointed  than  those  in  F.  Iviulatum;  by  commoner  produc- 
tion of  aerial  mycelium;  and  by  more  or  less  distinct  zonation  of  colony 
growth  on  neutral  agars.  Spore  color  begins  to  develop  earlier  but  usually 
does  not  reach  the  density  of  that  of  F.  lutulatum.  The  organism  does  not 
produce  rot  of  potato  tubers,  while  F,  lutulatum,  at  least  in  most  of  the 
inoculations  made,  is  capable  of  causing  such  rot.    No  sclerotia  observed. 

Hab.  On  rotted  tubers  of  Solanum  tuberosum  together  with  F.  oxy- 
sporum  var.  resupinatum  and  F,  sanguineum,  at  Ithaca,  New  York. 

The  size  of  the  conidia  is  in  many  instances  almost  identical  with  that 
in  F.  luivlatum,  and  in  general  there  is  scarcely  any  very  sharp  distinction 
between  the  two  organisms;  but  there  are  at  least  slight  dififerences  in 
many  of  the  important  characters,  so  that  in  general  there  can  hardly  be 
any  serious  doubt  that  these  are  two  distinct,  though  closely  related, 
orgsanisms. 

Average  of  the  measurements  of  conidia  on  the  same  media,  of  the  same 
age,  and  the  same  in  other  ways,  as  those  of  F.  hdvlatum,  is  as  follows: 

Conidia:    O-septate,  23  per  cent,  9  x  2.8/* 
1-septate,  6  per  cent,  16  x  3.1m 
2-septate,  2  per  cent,  22  x  3.5/* 
3-^eptate,  69  per  cent,  32.77  x  4.16/* 
4-septate,  1  per  cent,  39.4  x  4.4/* 
5-septate,  very  rare,  39.3  x  4.6/* 

38.  Fusarium  sclerotioides  n.  sp.  (Figs,  loi  and  33;  PL  i,  figs.  11  and  12; 
PI.  V,  fig.  1) 

Macroconidia  gradually  attenuate  toward  and  more  or  less  pointed  at 
the  apex,  pedicellate,  generally  somewhat  more  distinctly  curved  near  apex, 
and  broader  in  the  middle  or  in  the  upper  third  of  their  length,  typically 
3-septate,  34.7x4.4  (3Q-39.5  x4.1^.6)ai,  also  2-  to  6-«eptate,  4-  and 
5-septate  being  of  more  or  less  common  occurrence;  chlamydospores 
observed  only  in  mycelium  (intercalary  and  terminal),  and  not  very 

*">  These  were  observed  in  number  only  once,  and  then  when  the  culture  was  veiy  old  and  much  con- 
taminated with  bacteria.  It  was  observed  generally  that  a  bacterial  contamination  greatly  stimulates 
production  of  chlamydospores. 
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common  nor  numerous  when  compared  with  all  the  other  species  of  sec- 
tion Elegans,  usually  only  unicellular;  aerial  mycelium  on  hard  agars 
invariably  well  developed,  of  medium  height  (from  2  to  4  millimeters) 
and  density,  very  frequently  forming  macroscopically  observable  knots  at 
the  hyphal  tips,  finally,  if  the  conditions  are  right,  resulting  in  production 
of  numerous  small  sporodochia;  large  (up  to  12  millimeters  in  diameter), 
bluish  black,  shiny,  more  or  less  wrinkled,  sclerotia  are  frequently  pro- 
duced on  potato  tuber  plugs;  the  sclerotia  in  some  cases  overgrown  with 
aerial  mycelium,  and  then  not  so  conspicuous;  plectenchymic  bodies 
(from  1  to  3  or  more  miUimeters  in  diameter)  wartlike  in  appearance, 


Fia.  33. —  Fusarium  sderotioides.  a,  Conidia  from  pleclenchymic  sporodochium  from  H- 
days-old  cxdlure  on  potato  tuber  plug;  b,  conidia  from  plectenchymic  sporodochium  from  68- 
days-old  cvllwre  on  red  raspberry  cane  plug;  c,  conidia  from  24-dayS'old  culture  on  slightly 
acidijied  hard  potato  agar;  d,  sporodochial  conidia  from  6-day s-old  culture,  e,  sporodochial 
conidia  from  12-day s-old  culture^  f,  sporodochial  conidia  from  51 -days-old  culture ^  or^  hard 
lima-bean  agar;  g,  microconidia  from  1 3-day s-old  culture  on  hard  lima-bean  agar  with  2  per 
cent  glucose;  h,  microconidia  from  ahial  mycelium^  i,  sporodochial  conidiophores^  from  68-days- 
M  culture  on  red  raspberry  cane  plug;  J,  conidiophore  from  6-day  s-old  culture  on  hard  limc^ 
bean  agar;  k,  chlamydospores  from  58-days-old  culture  on  red  raspberry  cane  plug 

white  or  pale  flesh  in  color,  often  produced  in  considerable  number  and 
in  some  cases  finally  bearing  masses  of  septate  conidia;  conidia,  however, 
rarely  produced  on  the  sclerotia;  color  of  the  conidial  mass  somewhat 
variable,  but  usually  of  a  tint  of  pinkish  buff;  color  of  substratum  varying 
from  nearly  colorless  when  young  to  cinnamon  red,  deep  vinaceous,  and 
dark  vinaceous  purple.  (For  typical  color  when  mature  see  Plate  i, 
figure  12.) 
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Hab.  On  rotted  tubers  and  in  discolored  fibrovascular  bundles  of 
tubers  of  SoUmum  tvberoaum  at  Atlanta  and  Ithaca,  New  York,  and  hi 
Louisiana. 

Cultures  of  this  organism  on  all  media  may  for  a  long  time  produce 
microconidia  almost  exclusively;  but  if  mature  macroconidia  from  oc- 
casionally produced  sporodochia  are  planted,  macroconidia  may  be  pro- 
duced again  in  new  cultures  in  great  abundance  and  on  almost  any  medium. 

Latin  description, — ^Macroconidiis  gradatim  in  apicem  attenuatis,  apice 
acutis,  pedicellatis  plerumque  aliquatenus  distinctius  ad  apicem  curvatis, 
medio  latioribus  vel  superiore  tertio  longitudinis,  typice  3-septatis,  34.7 
x4.4  (3(>-39.5x4.1-4.6)m,  vel  etiam  2-5-septatis,  plus  minusve  saepe 
4r-5-septatis;  chlamydosporis  tantum  in  mycelio  (intercalaribus  et  ter- 
minalibus)  sed  nee  maxime  frequentibus  nee  multis  prae  ceteris  sectionis 
Elegantis  speciebus,  plerumque  tantiun  unicellularibus;  aerio  mycelio  in 
duris  agaribus  semper  plene  maturo,  mediocriter  alto  (2-4  mm.)  densoque, 
saepissime  nodes  nudo  oculo  conspicuos  formante  in  hyphalibus  apicibus, 
demum — condicionibus  faventibus — multa  minuta  sporodochia  ferente; 
saepe  sclerotiis  magnis  (usque  ad  12  mm.  diam.)  livido-atris,  lucidis,  plus 
minusve  rugosis,  in  tuberibus  Solani  tuberosi;  sclerotiis — si  aerio  mycelio 
obsita — minus  conspicuis;  saepe  multis  plectenchymicis  corporibus 
(1-3  mm.  diam.,  vel  majoribus),  verrucoideis,  albis  vel  pallide  carneis,  vel 
moles  septatorum  conidiorum  vel  nuUas  tandem  ferentibus;  conidiis  autem 
in  sclerotiis  raro  ortis;  colore  conidiorum  molis  aliquatenus  variante,  sed 
plerumque  **  pinkish  buff  "  (R)  tincto;  colore  substrati  juvenis  ferme  hyalino 
dein  "cinnamon  rufous"  (R),"deep  vinaceous  '^  (R)/'dark  vinaceous  purple" 
(R).     (Vide  typicam  colorem  maturi  substrati  Tab.  i,  fig.  12.) 

Hab.  In  putridis  tuberibus  et  in  decoloratis  fibro-vascularibus  fasciculis 
tuberum  Solani  tuberosi,  Atlanta  et  Ithaca,  New  York,  et  Louisiana,  Amer. 
bor. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  red  raspberry  cane  plug,  culture  fifty-eight  days  old;  conidia  from  a 

sporodochium: 

Conidia:    l-septate,  1  per  cent 
2-septate,  1.5  per  cent 

3-septate,  87  per  cent,  30  x  4.4  (21-40  x  3-5.1)ai 
4H3eptate,  9  per  cent,  37  x  4.5  (33-41  x  4.1-5.1)m 
5-septate,  1.5  per  cent,  40  x  4.6  (36-45  x  4.3-S.1)m 
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On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  thirteen  days 
old;  conidia  from  aerial  mycelium: . 

Gonidia:    Q-septate,  90  per  cent,  9.5  x  2.25  (7-15.5  x  1.75-2.4)m 
1-septate,  10  per  cent,  13.4  x  2.5  (12-18  x  2.3-3)m 

On  com  meal  agar,  culture  one  hundred  and  seventy-three  days  old: 
Chlamydospores:    0-septate,  in  mycelium,  8.5  x  8.2  (7-11.5  x  5-10.5)/* 

On  hard  lima-bean  agar,  culture  six  days  old;  conidia  from  a  sporo- 

dochium: 

Conidia:    0-septate,  rare 

1-septate,  very  rare 

3-rseptate,  up  to  100  per  cent,  37  x  4.3  (31-41  x  3.9-4.4)ai 

4r-«eptate,  rare,  37  x  4.4/*  (only  one  measured) 

On  same  medium  as  above,  culture  fifty-one  days  old;  conidia  from  a 

medium-sized  sporodochium : 

Conidia:    0-septate,  1  per  cent 
1-septate,  1.5  per  cent 

3-^3eptate,  73  per  cent,  33  x  4.5  (23-39  x  3.5-4.8)ai 
4-septate,  23  per  cent,  37  x  4.5  (31-42  x  4-4.8)  m 
5-septate,  1.5  per  cent,  38  x  4.6  (31-42  x  4.2-4.9)m 

On  same  medium  as  above,  culture  twelve  dajrs  old;  conidia  from 
pseudopionnotes : 
Conidia:    0-septate,  6  per  cent 
1-septate,  3  per  cent 
2-septate,  exceptional 

3-septate,  74  per  cent,  35  x  4.6  [(22-)  33-39  x  (3.5-)  4.1-4.8]/* 
.     4-septate,  16  per  cent,  36  x  4.7  (33-42  x  4.4-4.8)/* 
6-^ptate,  1  per  cent,  37  x  4.7  (35-40  x  4.6-4.8)/* 

On  potato  tuber  plug,  culture  fourteen  days  old;  conidia  from  a  medium- 
sized  sporodochium: 
Conidia:    0~septate,  8  per  cent 
1-septate,  3  per  cent 
2-septate,  rare 

»-fleptate,  46  per  cent,  36  x  4.1  (29-43  x  3-4.7)/* 
4-septate,  29  per  cent,  40  x  4.2  (31-47  x  3.5-4.7)/* 
5-septate,  14  per  cent,  40  x  4.3  (35-47  x  4-4.7)/* 
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On  hard  oat  agar,  culture  twenty-four  days  old;  conidia  from  a  sporo- 

dochium: 

Conidia:    3-septate,  64  per  cent,  39.5  x  4.3  (36-52  x  4-4.7) m 
4-septate,  28  per  cent,  41  x  4.3  (38-45  x  4-4.7)  m 
5-septate,  8  per  cent,  43  x  4.5  (38-46  x  4.1^.7)/* 

Average  of  the  above  measurements : 
Conidia:    0-septate,  16  per  cent,  9.5  x  2.25/i 
1-septate,  3  per  cent,  13.4  x  2.5/i 
2-septate,  rare 

3-septate,  63  per  cent,  34.7  x  4.4/* 
4-septate,  15  per  cent,  37.9  x  4.43/i 
5-septate,  3  per  cent,  39.35  x  4.55/li 


Fig.  34. —  Fusarium  scl^otioides  var.  hrevius.  a,  Pseudopionnotal  conidia  from  S-days- 
old  cultvre  on  hard  lima-bean  agar;  b,  sporodochial  conidia,  c,  conidia  from  a?rtal  mycelium, 
from  19-day8-old  ctdture  on  slightly  acidified  hard  potato  agar;  d,  sporodochial  conidia  from 
j^-days-old  ctdture  on  red  raspberry  cane  plug;  e,  conidia  from  aerial  mycelium  from  IS-days- 
old  culture  on  hard  lima-bean  agar  with  B  per  cent  glucose;  f,  sporodochial  conidia,  g,  aihial 
conidia,  from  dO-days-old  culture  on  whole  steamed  potato  tuber;  h,  sporodochial  conidia  from 
SS-days-old  culture  on  oats;  i,  chlamydospores  from  J^-days-old  culture  on  red  raspberry  cane 
plug;  J,  chlamydospores  from  25-days-old  culture  on  corn  agar;  k,  l,  conidiophores  from  19- 
days-old  ctdture  on  slightly  acidified  hard  potato  agar;  m,  swollen  tips  of  aerial  hyphcs  from 
IS-days-old  culture  on  hard  lima-bean  agar  with  2  per  cent  glticose 

39.  Fusarium  sclerotioidcs  var.  brevius  n.  var.  (Fig.  34;  PI.  ii,  figs.  1 
and  2) 

Differs  from  F.  sderotioides  mainly  by  nearly  constant  absence  of  4- 
and  5-septate  conidia,  by  absence  of  large  bluish  black  sclerotia,  and  by 
noticeably  shorter,  3-septate  conidia. 

Hab.  In  discolored  fibrovascular  bundles  of  tubers  of  Solanum  tube- 
rosurriy  Alabama. 

Measurements  of  the  conidia  on  different  media  are  as  follows: 
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On  red  raspberry  cane  plug,  culture  forty-five  days  old;  conidia  from 

a  plectenchymic  sporodochium: 

Conidia:    0-septate,  8  per  cent,  15  x  3  (6-21  x  2.5-3.5)m 
1-septate,  17  per  cent,  18  x  3.7  (17-23  x  3.5-4)/* 
2-septate,  15  per  cent,  20  x  4  (17-23  x  3.5-4.4)/* 
3-^ptate,  60  per  cent,  28.3  x  4.3  (1&-39  x  3.5-4.8)/i 
4-septate,  rare 

On  slightly  acidified  hard  potato  agar,  culture  nineteen  days  old;  conidia 

from  a  small  sporodochium: 

Conidia:    0-septate,  rare 
1-septate,  rare 

2-septate,  2  per  cent,  24  x  4.2  (20-27  x  3.5-4.7)/* 
3-i3eptate,  98  per  cent,  30.3  x  4.5  (21-37  x  4.1-4.8)/* 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  thirteen  days 
old;  conidia  from  aerial  myceliiun: 

Conidia:    Onseptate,  98  per  cent,  7.5  x  2.6  (4.3-18  x  2.3-3.7)/* 
1-septate,  2  per  cent,  13.5  x  3.2  (10-18  x  2.4-3.5)/* 

On  same  medium  as  above,  culture  sixty-five  days  old;  conidia  from  a 

sporodochium: 

Conidia:    O-septate,  8  per  cent,  6.4  x  2.8  (4.4-11  x  2.3-4.1)/* 
1-septate,  5  per  cent,  22  x  3.8  (15-29  x  3-4.3)/* 
2-septate,  2  per  cent,  24  x  4  (18-28  x  3.5-4.4)/* 
3-septate,  85  per  cent,  28  x  4.3  (24-35  x  3.7-4.8)/* 

On  com  meal  agar,  culture  one  hundred  and  seventy-three  days  old: 
Chlamydospores:    0-septate,  in  conidia,  7.9  x  7  (5-11.5  x  5-9)/* 

1-septate,  in  mycelium,  13.3  x  8.1  (11-18  x  7-9)/* 

On  hard  lima-bean  agar,  culture  eight  days  old;  conidia  from  aerial 
mycelium: 
Conidia:    0-septate,  55.6  per  cent,  7.8  x  2.8  (5.2-13  x  2.1-3.9)/* 

1-^ptate,  4  per  cent,  13.3  x  3.2  (12-15  x  3-3.6)/* 

2-septate,  0.5  per  cent 

3-septate,  40  per  cent,  30.8  x  4.1  (23-37  x  3.9-4.2)/* 
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On  same  medium  as  above,  culture  twelve  days  old;  conidia  from 
peeudopiomiotes : 
Conidia:    O-septate,  12  per  cent 

1-septate,  3  per  cent 

2-septate,  2  per  cent 

3-^eptate,  83  per  cent,  31  x  4.3  (22-41  x  4-4.7)/i 

4-septate,  exceptional,  41  x  4.4/*  (only  one  measured) 

On  hard  oat  agar,  culture  twenty-four  days  old;  conidia  from  a  sporo- 
dochium: 

3-septate,  100  per  cent,  31.5  x  4.4  (23-35  x  3.8-4.7)m 

Average  of  the  above  measurements: 
Conidia:    0-aeptate,  30.5  per  cent,  9.2  x  2.8/* 
1-septate,  5  per  cent,  16.5  x  3.5/i 
2-septate,  3.5  per  cent,  22  x  4/i 
3-fleptate,  61  per  cent,  29.8  x  4.3/i 
4-fleptate,  very  rare,  41  x  4.4/i 

40.  Fv^sarium  oocysporum  Schlecht.**    (Figs.  1ni  and  35a;  PL  v,  fig.  6) 
Schlechtendal,  Fl.  BeroL,  2:139.  1824.    Smith,  E.  F.,  and  Swingle, 
D.  B.,  U.  8.  Plant  Indus.  Bur.,  Bui.     55.  1904.    Wollenweber,  H.  W., 
Phytopath.  3:28,  fig.  If.    1913.    Wollenweber,  H.  W.,  Joum.    Agr.  Re- 
search 2:268.     1914. 

Microconidia  graduaUy  pointed  toward  apex,  nearly  cylindrical  in  middle 
half  of  their  length,  typically  not  broader  toward  apex,  usually  somewhat 
distinctly  pedicellate,  3-septate  dominant,  30.4x4.2  (27.5-34  x4-4.4)m/' 
in  sporodochia  and  pseudopionnotes;  4-septate  macroconidia  frequently, 
and  5-septate  ones  rarely,  present;  in  mass  usually  of  pinkish  buflf  color; 
aerial  mycelium  typically  well  developed,  of  medium  height  (from  3  to  5 
millimeters)  and  density,  from  white  to  (in  spots  on  boiled  rice)  congo  pink; 

MQii^nal  description  of  F.  otytporum  Schlecht.  (eec  von  Schlechtendal.  Flora  Berolinenais  a :  130)  -^ 
*'  f  strcnna  convezum  erumpens  varium  roeeuin  superficie  inaequali  nigulosa,  sporidiis  parvis  curvatia 
Qtrinque  acutiBsimia  " —  is  inauffident  for  identification  of  the  species,  and,  short  as  it  is,  it  sooner  su^ests 
some  other  species  and  not  that  of  Smith  and  Swingle.  For  a  detailed  discussion  of  the  matter  see  Appel 
and  WoUenweber  (1910: 144-146). 

Wollenweber  (1913  a :  28}  gives  his  own  description  of  F.  oxj/aporum  Schlecht.,  which,  as  he  states  (page  42 
of  reference  cited),  "  includes  some  additions  to  the  descriptions  ^ven  by  Smith  and  Swingle." 

For  the  reason  that,  at  least  among  pathologurts  and  mycologists  of  the  United  States,  this  organism 
is  fairly  well  known  under  this  name,  and  after  WoUenweber's  description  of  it  the  meaning  became 
definite  and  recognisable,  the  name  F.  oxygporum  is  retained  here  and  is  used  for  the  organism  described 
by  Wollenweber  without  consideration  of  Schleehtendars  original  description;  that  is,  F.  oxyaporum  here 
is  as  emended  by  WoUenweber.  , 

«•  Wollenweber  (1913 a: 28)  pves  the  siae  variation  as  25-45 x 3.2&^.5#i.  Whether  this  la  averass 
or  individual  siae  variation  is  not  stated. 
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substratum,  on  potato  agar  rich  in  glucose, 
colorless  and  orange  vinaceous  to  pome- 
granate purple  and  vinaceous  purple; 
plectenchymic  sporodochia  common  on 
most  of  the  media;  bluish  black  sclerotia 
(up  to  3  millimeters  in  diameter)  con- 
stantly present  on  potato  tuber  plug  and 
sometimes  on  different  agars. 

Hab.  In  fibrovascular  bundles  of 
diseased  stems  and  tubers  of  Solatium 
tvberosum,  in  the  United  States,  perhaps 
also  in  Europe,  Africa,  and  other  regions, 
also  on  Lycopersicum  eaculentum  Vigna, 
and  Pismn. 

The  organism  was  isolated  alone  and  in 
association  with  several  other  Fusaria, 
several  times  from  various  localities  in 
New  York  and  in  other  States.  The  de- 
scription given  above  is  based  on  the  study 
of  the  culture  obtained  through  the  cour- 
tesy of  Dr.  Wollenweber. 

Measurements  of  the  conidia  are  as 
follows: 

On  slightly  acidified  hard  potato  agar, 
culture  nineteen  days  old;  comdia  from 
aerial  myceUmn  close  to  substratum: 


vinaceous  lilac,  varying  from 


Fig.  35. —  a,  Fusarium  oxysporum, 
sporodochial  conidia 

B-j,  F.  oxysporum  var,  ascleroHum: 
B,  Conidia  from  H-daya-oLd  cvUure 
on  slighUy  acidified  hard  potato  agar; 
c,  conidia  from  J^-days-old  culture 
on  red  raspberry  cane  plug;  d,  conidia 
from  7-day8-old  cuUure  an  hard 
lima-bean  agar;  e,  chlamydoeporee 
from  46-days-old  cuUure  on  red 
raspberry  cane  plug;  f,  terminal 
chlamydosporea  produced  on  normal 
conidiophoreSf  q  and  h,  conidio- 
phores  (h  magnified  260  times)  from 
H-days-old  culture  on  sUghUy  acidi- 
fied heard  potato  agar;  i,  chlamydo- 
spores  from  iS-days-old  culture  on 
com  agar;  j,  oonidiophores  from 
T-days-ild  cuUure  on  hard  limorbean 
agar 


Conidia:    O-septate,  87  per  cent,  8  x  2.9  (4.5-12  x  2-4)/* 

l-septate,  6  per  cent,  16.5  x  3.4  (11-23  x  2.5-4.1)^ 
2-septate,  1  per  cent,  18.5  x  3.9  (17-26  x  3-4.2)/* 
3-«eptate,  5  per  cent,  27.5  x  4  (15-39  x  3-4.7) /x 
4-septate,  1  per  cent,  about  40  x  4.5  (36-44  x  4.3-4.8)/* 

On  hard  lima-bean  agar,  culture  twelve  days  old;  conidia  from  aerial 
mycelium: 

Conidia:    Q-septate,  99  per  cent,  6.5  x  2.6  (4.5-16  x  1.75-3.5)/* 
l-«eptate,  1  per  cent,  14  x  3.2  (10-17  x  3-3.5)/* 
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On  same  medium  as  above,  culture  sixty-five  days  old: 

(1)  Conidia  from  a  sporodochium 
Conidia:    0-septate,  3  per  cent 

1-septate,  1  per  cent 

3-Beptate,  93  per  cent,  33.8  x  4.3  (22-42  x  4-4.7)/* 
4-  septate,  3  per  cent,  35.7  x  4.3  (33-41  x  4.1-4.7)/i 
5- -septate,  rare,  35  x  4.4/*  (only  two  measured) 

(2)  Chlainydospores,  terminal  and  intercalary,  0-septate  dominant 
Chlamydospores:    0-septate,  8.7  x  8  (7-12.5  x  7-12.5)  m 

1-^ptate,  15.5  x  9.2  (12-22  x  7.7-14)/* 

Also   in  short   chain,   2-  and  3-septate,  2-septate 
commoner 

On  hard  oat  agar,  culture  twenty-three  days  old;  conidia  from  a  sporo- 
dochium: 
Conidia:    3-septate,  93  per  cent,  30  x  4.4  (26-35  x  3.9-4.7)/* 

4-septate,  6  per  cent,  34.5  x  4.5  (31-39  x  4.2-4.7)/* 

5-septate,  1  per  cent 

On  com  meal  agar,  culture  one  hundred  and  seventy-three  days  old; 
chlamydospores  abundant,  terminal  and  intercalary: 
Chlamydospores:    0-septate,  in  conidia,  7.2  x  6.1  (6-9  x  4.8-8)/* 
0-septate,  in  mycelium,  8.6  x  8  (7-10  x  7-11)/* 
1-septate,  often  observed 

On  hard  lima-bean  agar,  culture  fifty  days  old;  chlamydospores  inter- 
calary and  terminal,  in  conidia  and  in  mycelium,  the  latter  most  commonly 
observed: 
Chlamydospores:    O^ptate  dominant,  8.9  x  7.3  (5.2-11  x  5.2-11)/* 

Average  of  the  above  measurements  of  macroconidia: 
Conidia:    3-septate,  0-93  per  cent,  30.4x4.2/* 

4-^ptate,  0-^  per  cent,  36.7  x  4.43  (34.5-60  x  4.3-4.5)/* 
5-septate,  0-rare,  about  35  x  4.4/* 

41.  Fv^sarium  oxysporum  Schlecht.  var.  asclerotium  n.  var.  (Fig.  35,  b  to  j; 
PI.  V,  fig.  7) 

Differs  from  F,  oxysporum  mainly  by  absence  of  sclerotia  and  of  defi- 
nite plectenchymic  sporodochia;  differs  also  in  color  of  myceUum  and  in 
somewhat  longer  and  narrower  macroconidia. 

Hab.    In  rotted  tuber  of  Solanum  tvberosum,  Atlanta,  New  York. 
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The  organism  was  isolated  from  a  flexible,  semi-soft,  rotted  potato 
tuber  late  in  the  spring.  No  other  organisms  were  associated  with  it. 
Very  similar  organisms  were  isolated  also  from  discolored  fibrovascular 
bundles  of  potato  tubers  from  various  States. 

Average  measurements  of  the  conidia  from  four  different  cultures  are  as 
follows: 

Conidia:    0-septate,  52.5  per  cent,  7.9  x  2.6m 
1-septate,  8  per  cent,  15  x  3.1/* 
2-septate,  rare 

3-septate,.  39  per  cent,  34  x  4  (32-36  x  3.8-4.2)/*^® 
4-septate,  0.5  p)er  cent,  37.5  x  4.35/* 
5-septate,  very  rare,  37.5  x  4.35/i 

Chlamydospores  (on  corn  meal  culture  one  hundred  and  seventy-three 
days  old) : 

0-septate,  in  conidia,  7.7  x  7  (6.5-11  x  5-8) /x 
0-septate,  in  mycelium,  9x8  (7-11  x  5-8)/* 
1-septate,  in  mycelium,  14  x  9.5  (11-16.5  x  7-13.4)/*" 


Fio.  36. —  Fuaarium  oxysporum  var.  longius.  a,  Pseudopionnotal  conidia  from  Sl-days-old 
culture  on  slightly  acidified  hard  potato  agar;  b,  conidia  from  46-dayS'Old  culture  on  red  rasp- 
berry  cane  plug;  c,  pseudopionnotal  conidia  from  6-days-old  hard  lima-bean  agar;  d,  sporo- 
dochial  conidia  from  36-days-old  culture  on  oat  agar;  e,  pseudopionnotal  conidia  from  iS-days- 
old  culture  on  corn  agar;  f,  conidia  from  S02^ayS'Old  culture  on  potato  stem  plug;  o,  conidio- 
phores  from  J^G-days-old  culture  on  red  raspberry  cane  plug;  H,  conidiophores  from  d-days-old 
culture  on  hard  lima-bean  agar;  i,  chlamydospores  from  iOB-days-old  culture  on  potato  stem 
plug 


**  Variation  of  averages  of  at  least  ten  spore  measiirements. 
^  Variation  of  individual  spore  measurements. 
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42.  Fusarium  oxyspcrum  Schlecht.  var.  longius  n.  var.  (Figs.  1mi  and  36) 
Differs  from  F.  oxyspcrum  2JiA  other  varieties  of  the  species  by  longer 
macroconidia,  typically  3-septate,  38.94x4.04  (34-45  x  3.&-4.4)/i,  often 
4-  and  5-septate;  no  sclerotia;  no  macroscopical  sporodochia. 

Hab.  In  discolored  fibrovascular  bundles  of  tubers  of  Sohmum  tube- 
rosum and  of  wilted  stems,  in  New  York,  California,  Maryland,  and 
Connecticut. 

On  slightly  acidified  hard  potato  agar,  culture  twenty-one  days  old: 

(1)  Conidia  from  pseudopionnotes 

Conidia:    0-septate,  1.5  per  cent,  10  x  3  (8-12  x  2.6-3.5) /x 
l-«eptate,  3  per  cent,  18  x  3.5  (14-21  x  3-4)m 
2-septate,  0.5  per  cent 

Snseptate,  60  per  cent,  42.7  x  4.1  (28-54  x  3.5-4.8)m 
4r-septate,  26  per  cent,  49  x  4.3  (42-58  x  4r-4.8)M 
6-septate,  9  per  cent,  51.4  x  4.6  (46-60  x  4.3-4.7)m 

(2)  Chlamydospores,  terminal  and  intercalary 
Chlamydospores :    O-septate,  7-9  x  5-€/i 

On  red  raspberry  cane  plug,  culture  forty-six  days  old;  conidia  from 
mycelium  close  to  substratum: 
Conidia:    O-septate,  1.7  per  cent,  11  x2.6m 

1-septate,  1  per  cent,  19  x  3/i 

2-septate,  rare 

3-septate,  93  per  cent,.  34  x  4.4  (19-44  x  3.5-^.7)/* 

4-fleptate,  4.3  per  cent,  40  x  4.6  (35-44  x  4,2-4.8)/* 

On  com  meal  agar,  culture  twenty-two  days  old;  conidia  from  surface 
of  medium: 
Conidia:    Q-septate,  20  per  cent 

1-septate,  8  per  cent 

2-septate,  2  per  cent 

3-«eptate,  40  per  cent,  45  x  3.6  (36-54  x  3.2-4.2)m 

4-6eptate,  20  per  centl  .u    i         i.  /.«     .. 

5^ptate,  10  per  centr^«  ^*^«^*  ^^  "^  *" 
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On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  thirteen  days 

old;  conidia  from  aerial  myceUum: 

Conidia:    O-septate,  50  per  cent,  8.6  x  2.5  (5.2-15  x  2.2-3)m 
l-«eptate,  10  per  cent,  17.5  x  2.9  (12-21  x  2.3-3.5)m 
2-fieptate,  0.5  per  cent,  21  x  3.2/i    (only  three  measured) 
3-fleptate,  30  per  cent,  35.6  x  4  (24-50  x  3.2^.4)m 
4-fleptate,  8  per  cent,  45  x  4.2  (40-^51  x  3.9-4.7)/* 
6-fleptate,  1.5  per  cent,  47.5  x  4.3  (42-^51  x  3.&-5.1)/i 

On  hard  lima-bean  agar,  culture  five  days  old;  conidia  from  aerial 

mycelium: 

Ck>nidia:    0-septate,  56  per  cent,  11  x  2 An  (only  four  measured) 
l-septate,  4  per  cent,  18  x  3.3m  (only  four  measured) 
2-septate,  1.5  per  cent 

3-fleptate,  37  per  cent,  37  x  4  (26^7  x  3.8-4.4)/* 
4-fleptate,  1  per  cent,  43  x  4.3  (40-45  x  4-4.5)/* 
5-fieptate,  0.5  per  cent,  50  x  4.4/*   (only  three  measured) 

On  com  meal  agar,  culture  one  hundred  and  seventy-three  days  old: 
Chlamydospores:    (1)  0-aeptate,  in  conidia,  8.4  x  6.8  (7-9  x  5-8)/* 

(2)  0-aeptate,  terminal,  on  myceUum,  10x9  (9-10.5 
X  7.5-10.5)/* 

On  potato  stem  plug,  culture  two  hundred  and  two  da3rs  old: 

(1)  Conidia  from  a§rial  mycelium  close  to  substratum 
Conidia:    0-septate,  40  per  cent 

l-septate,  20  per  cent 
2-septate,  10  per  cent 
3-^ptate,  30  per  cent,  34.3  x  3.9  (22-42  x  3.4r4.1)/* 

(2)  Chlamydospores,  terminal  and  intercalary,  in  spores  and  mycelium 
Chlamydospores :    O-septate,  8.9  x  6.8  (6.2-10  x  5.2-9)/* 

On  hard  lima-bean  agar,  culture  twelve  days  old;  conidia  from  pseudo- 
pionnotes: 

Conidia:  0-septate,  2  per  cent 
l-septate,  1  per  cent 
2-septate,  rare 

3-septate,  70  per  cent,  44  x  4.3  (35-48  x  4r4.8)/« 
4-septate,  23  per  cent 

5-septate,  4  per  cent,  46  x  4.3  (40-53  x  4.1-5.2)/* 
15 
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On  hard  oat  agar,  culture  fourteen  days  old;  conidia  from  pseudopion- 

notes: 

Conidia:    0-septate,  4  per  cent,  10  x  2.5m 
1-septate,  1  per  cent 
2-septate,  rare 

3-septate,  70  per  cent,  44  x  4.04  (39-60  x  3.5-4.7)/* 
4-8eptate,  20  per  cent,  45.x  4.2  (41-50  x  4-4.7)/* 
5-septate,  5  per  cent,  49  x  4.46  (42-51  x  4.3-4.7)/* 

Average  of  the  above  measurements; 
Conidia:    0-septate,  24  per  cent,  10  x  2.6/* 
1-septate,  7  per  cent,  17.5  x  3.2/* 
2-septate,  1  per  cent,  21  x  3.2/* 
3-septate,  52  per  cent,  38.94  x  4.04/* 
4-septate,  12  per  cent,  44.25  x  4.35/* 
6-«eptate,  4  per  cent,  48.7  x  4.4/* 


Fig.  37. —  Fuaarium  oxysporum  var.  retupinatvm.  a,  Pseudapiannotal  conidia  from  15- 
daya-dd  culture  on  slightly  acidified  hard  potato  agar;  b,  conidiophores  from  O-days-M  cuUure 
on  hard  lima-bean  agar;  c,  conidiophore  from  l^-daye-M  cxdtwre  on  hard  lima-bean  agar; 
0,  pseudopionnotal  conidia  from  O-days-old  culture  on  hard  limorhean  agar;  e,  conidiophores 
and  chlamydosporetf  f,  conidia^  from  iV-daya-old  culture  on  red  raspberry  cane  plug 

43.  Fusarium  oocysporum  Schlecht.  var.  resupinatum  n.  var.  (Figs. 
iLi  and  37;  PI.  i,  figs.  7  and  8;  PL  v,  fig.  5) 

Differs  from  F.  oocysporum  by  absence  of  sclerotia,  from  var.  asderotium 
and  var.  hngiiLS  by  shorter  and  somewhat  narrower  macroconidia. 
Mycelium  on  different  agars  typicaUy  entirely  resupinate  (PL  i,  figs.  7 
and  8). 
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Hab.  In  discolored  fibrovascular  bundles  of  stem  and  tubers  of  Solanum 
tuberosum,  United  States. 

This  fungus  and  F.  oxysporum  var.  longivs  are  the  organisms  that 
were  found  very  commonly  present  in  discolored  fibrovascular  bundles 
of  potato  tubers  and  wilted  plants.  These  organisms  are  also,  as  it  seems, 
most  commonly  recognized  by  various  pathologists  as  F.  oxysporum 
Schlecht.,  as  described  by  Smith  and  Swingle  (1904);  at  least  cultures 
of  organisms  undoubtedly  belonging  here  were  received  under  the  name 
F.  oxysporum  from  Mr.  Wight  in  California,  Dr.  Taubenhaus  in  Delaware, 
and  Dr.  Clinton  in  Connecticut.  The  chief  difference  between  these 
varieties  of  F.  oxysporum  of  Smith  and  Swingle  lies  in  the  absence  of  sclerotia. 

Measurements  of  spores  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  fifteen  days  old;  conidia 

from  thin  pseudopionnotes: 

Conidia:    O-septate,  74  per  cent,  8  x  2.7  (5-15  x  2-4.3) m 
l-septate,  9  per  cent,  21  x  3  (12-27  x  2.3^.8)/* 
2-i3eptate,  4  per  cent,  26  x  3  (20-37  x  2.2-4.1)/* 
3-septate,  13  per  cent,  35  x  4.2  (22-57  x  3.5-4.7)/* 
4r-septate,  rare,  45  x  4.2/* 

On  red  raspberry  cane  plug,  culture  forty-seven  dajrs  old;  conidia  from 
aerial  mycelium: 
Conidia:    O-^eptate,  98  per  cent,  6.5  x  2.7  (4.5-21  x  2.3-4.3)/* 

l-septate,  2  per  cent,  18  x  3.2  (12-24  x  2.8-4.1)/* 

2-fleptate,  rare,  22  x  3.4  (17-24  x  3-4.1)/* 

3-septate,  rare,  29  x  3.6  (19-36  x  3-4)/* 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  fifteen  days  old; 
conidia  from  aerial  mycehum: 
Conidia:    O-septate,  97  per  cent,  7.1  x  2.6  (5.2-16  x  1.8-4.3)/* 

Inaeptate,  2  per  cent,  16  x  3.1  (10-18  x  2.3-3.8)/* 

2-septate,  0.5  per  cent 

3-septate,  0.5  per  cent,  28  x  3.5  (23-36  x  2.4-4)/* 

On  com  meal  agar,  culture  one  hundred  and  seventy-three  days  old: 
Chlamydospores:    O-septate,  in  conidia,  7.2  x  7  (5.8-9  x  5-8)/* 

O-septate,  in  mycelium,  9.6  x  8.3  (7-16  x  7-11.5)/* 
l-«eptate,  in  mycelium,  14.5x9.2  (13-18x7-11)/* 
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On  hard  lima-bean  agar,  culture  six  days  old;  conidia  from  pseudo- 
pionnotes: 
Conidia:    0-septate,  82  per  cent 

1-septate,  5  per  cent 

2-septate,  2  per  cent 

3-septate,  11  per  cent,  28  x  4.1  (22-36  x  3.ft-4.7)M 

On  the  same  medium  as  above,  culture  twelve  days  old;  conidia  also 
from  pseudopionnotes; 
Conidia:    0-septate,  15  per  cent 
1-septate,  8  per  cent 

3-septate,  77  per  cent,  33.5  x  4.1  (29-37  x  4r-4.5)/i;  the  smallest 
21  X  3.4/4,  the  largest  40  x  4.5/i  (both  3-fieptate) 

Chlamydospores  all  kinds  except  terminal,  O-septate  dominant,  measur- 
mg  8.3  X  6.7  (6-10.5  x  5.2-8)m 

Average  of  the  above  measurements: 
Conidia:    O-septate,  73  per  cent,  7.2  x  2.7/i 
1-septate,  5  per  cent,  18  x  3.1/i 
2-septate,  1.5  per  cent,  24  x  3.2/i 
3-septate,  20.5  per  cent,  30.7  x  3.9/* 
4-septate,  rare,  45  x  4.2/i 

X.  Section  Discolor  Wr.,  Phytopath.  3:31,  fig.  1,  g,  h,  j,  1913 
Conidia  sickle-shaped,  at  the  middle  nearly  cylindrical  or  broadened 
toward  the  apex,  somewhat  abruptly  apically  attenuated,  distinctly 
pedicellate;  mostly  3-  to  5-septate,  5-septate  dominant;  microconidia 
typically  absent;  chlamydospores  intercalary  only,  usuaUy  scant;  mycelium 
typically  well  developed,  with  from  nearly  white  to  orange  color  as  tjrpe. 
Substratum  from  nearly  colorless  to  chamois,  pomegranate  purple,  and 
spectrum  red.  Color  of  conidia  very  variable,  mostly  cinnamon  to  orange. 
Differs  from  sections  Elegans  and  Martiella  by  absence  of  microconidia, 
by  the  conidia  being  typically  somewhat  abruptly  attenuate,  by  absence 
of  terminal  chlamydospores,  and  by  absence  of  vinaceous,  drab-gray, 
tawny-olive,  and  blue  color  of  substratum.  By  the  shape  of  conidia 
this  section  occupies  an  intermediate  position  between  sections  Elegans 
and  Martiella;  by  its  color  it  is  closely  related  to  sections  Roseum  and 
Ferruginosum. 
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44.  Ftisarium  (Hchothedoides  Wr.  (Figs  1,  Ui  and  Vi,  and  38;  PI.  iv, 
fig.  8) 

Jamieson,  C.  O.,  and  Wollenweber,  H.  W.,  Joum.  Washington  Acad. 

Sci.  2:146-152,  fig.  1.     1912. 

Syn.    Fu8caritm  tvberivorvm  Wilcox  and  Link,  Nebraaka  Agr.  Exp.  Sta.,  Research  bul. 
1:48.     1913. 

Conidia  of  comma  and  discolor 
types,  the  former  predominating 
and  mider  ordinary  cultural  con- 
ditions occurring  almost  exclu- 
sively, mostly -1-septate,  16x4.6 
(14-17  x4.2-5.4)m,  often  0-  to 
3-8eptate,  seldom  4-  or  5-septate, 
6-septate  rare;  sporodochial  co- 
nidia sickle-shaped,  3-  to  5-sep- 
tate, 24r-42  X  4.5-5.5/*."  Typical 
conidiopho  es  of  comma  stage 
shown  in  figure  38.  Sporodochial 
conidiophores  similar  to  those  of  F. 
discolor.  F,  trichothecioides  can  be 
recognized  at  once  by  color  and 
appearance  of  its  powdery  masses 
of  spores  produced  on  aerial  myce- 
lium (PI.  IV,  fig.  8).  Chlamydo- 
spores  few  and  not  prominent. 

Hab.  On  rotted  tubers  of  So- 
lanum  tvberosum,  United  States. 

This  species  is  noticeably  dif- 
ferent from  all  other  species  of  the 
section  Discolor.  It  is  listed 
under  this  section  chiefly  because 
of  its  resemblance  in  the  sporodochial  form 
the  type  of  a  new  section. 


Fio.  38. — Ftaarium  trichothecioides.  a,  Conidia 
from  41 -days-old  culture  \on  rye  straw;  b, 
conidia  from  70-days-old  culture  on  potato 
stem  plug;  c,  conidia  from  7S-days-6ld  culture 
on  red  raspberry  cane  plug;  d,  conidia  from 
IS-days-old  culture  on  slightly  acidified  hard 
potato  agar;  e,  chlamydospore  in  conidium 
from  TS-days-M  culture  on  red  raspberry 
cane  plug;  f,  conidiophores  {magnified  260 
times)  from  70-days-old  culture  on  potato  stem 
plug;  o,  conidiophores  from  IS-days-old  culture 
on  slightly  acidified  hard  potato  agar;  h, 
conidia  from  6-days-old  ctdture  on  hard  limor 
bean  agar;  i,  comma,  j,  discolor^  type  of  co- 
nidia from  B-days-M  culture  on  potato  tuber 
plug 


Perhaps  it  should  be  made 
The  organism,  under  the  name  F.  tvberivorum  Wilcox  and  Link,  was 


"  The  rise  of  3-  to  5-septate  conidia  is  as  given  by  Wollenweber.  The  writer  isolated  this  Fusarium 
from  specimens  of  rotted  potato  tubers  received  from  North  Dakota  in  July,  1912,  and  from  Texas  in 
December,  1913.  No  special  study  of  this  organism  was  made  at  first,  because  it  is  earily  recognisable 
even  after  a  superficial  examination,  and  also  because  its  description  as  given  by  Wollenweber  (see  Jamieaon 
and  Wollenweber,  1912)  is  entirely  sufficient  for  its  identifioation. 
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extensively  studied  by  Wilcox,  Link,  and  Pool  (1913).    The  identity  of 

F.  tuberivorum  and  F.  trichotheciaides  Wr.  is  discussed  by  WoUenweber 

(1913  c :  206).    In  the  writer's  opinion  there  is  no  doubt  that  this  is  correct. 

The  few  measurements  of  the  conidia  on  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  fifteen  days  old: 
Conidia:    0-septate,  23  per  cent,  8.2  x  3.8  (5-15  x  3-4.7) /x 
1-septate,  59  per  cent,  19  x  4.2  (12-26  x  3.5-4.7)/* 
2-septate,  8  per  cent,  22.4  x  4.3  (16-36  x  4.3-5.2)/* 
3-septate,  10  per  cent,  28.1  x  5  (20-39  x  4.3-5.3)/* 
4-  and  5-septate,  few,  40-45  x  5/* 

On  red  raspberry  cane  plug,  culture  seventy-three  days  old: 
Conidia:    Onseptate,  39  per  cent,  12  x  4.2  (7-14  x  3-4.8)/* 
1-septate,  50  per  cent,  14  x  4.3  (14-20  x  3.9-4.8)/* 
2-septate,  11  per  cent,  22  x  4.5  (19-32  x  4.1-5.2)/* 

On  potato  tuber  plug,  culture  five  days  old,  kept  at  a  low  (from  3**  to 

7®  C.)  temperature: 

Conidia:    0-septate,  6  per  cent,  14x5.2  (10-17x4.8-5.5)/* 
1-septate,  53  per  cent,  16  x  5.4  (12-23  x  4.4-7)/* 
2-septate,  15  per  cent 

3-septate,  19  per  cent,  26  x  5.8  (19-42  x  5.2-7)/* 
4-septate,  6  per  cent,  35  x  6.2  (33-40  x  5.4-7)/* 
5-septate,  1  per  cent,  38  x  6.3  (31-52  x  5.4-7)/* 
6-septate,   exceptional,   41x6.3    (39-47x6-7)/*    (only  three 
measured) 

Average  of  the  above  measurements: 
Conidia:    0-septate,  23  per  cent,  11  x  4.4/* 
1-septate,  54  per  cent,  16  x  4.6/* 
2-septate,  11  per  cent,  21  x  4.8/* 
3-fleptate,  10  per  cent,  27  x  5.4/* 
4-septate,  2  per  cent 
5-septate,  rare,  38  x  6.3/* 
6-septate,  very  rare 

45.  Fusarium  subpallidum  n.  sp.  (Fig.  39;  PI.  v,  fig.  12) 
Conidia  sickle-shaped,  typically  abruptly  constricted  at  apex,  slightly 
pedicellate  to  papillate,  somewhat  broader  in  the  middle,  mostly  5-«eptate, 


Digitized  by  VjOOQ IC 


FusARiA  OF  Potatoes 


231 


29.1x5.53  (28-32.5  X  5.4-5.8) /i,  3-  and  4-septate  common,  6-  and 
7-8eptate  very  rare;  chlamydospores  common,  mostly  in  long  chains; 
aerial  mycelium  well  developed;  plectenchymic  sporodochia  (up  to  3 
millimeters  in  diameter)  common;  color  of  aerial  myceliimi  from  white 
to  sea-foam  yellow  and  honey  yellow;  color  of  substratum,  on  agars  rich 
in  glucose,  mostly  from  chamois  to 
raw  sienna  and  antique  brown  in 
some  old  cultures;  color  of  conidia, 
in  mass,  commonly  from  pinkish 
buff  to  pale  orange,  sometimes  from 
green  to  blue." 

Hab.  On  superficial  dry  rot  of 
tubers  of  Solanum  tuberosum.  The 
organism  was  isolated  from  rotted 
potato  tubers  received  from  Edger- 
ton,  Louisiana. 

Latin  description. — Conidiis  fald- 
formibus,  typice  subito  apice  con- 
strictis,  parum  pedicellatis  demum 
papillatis,  medio  aUquatenus  lati- 
oribus,  plerumque  5-septatis,  29.1 
x5.53  (28-32.5  X  5.4-5.8) /x,  saepe 
etiam  conidiis  3-4-septatis;  conidiis 
^7-8eptatis  rarissimis;  chlamydo- 
sporis  frequentibus  plerumque 
longis  catenulatis;  aerio  myceUo 
plene  maturo;  plectenchymicis 
sporodochiis   (0-3  mm.  diam.)  fre- 


FiG.  39. —  Fusariwn  suhpallidum.  a,  Sporo- 
dochial  conidia  from  TO-days-old  cuUwre  on 
hard  potato  agar;  b,  sporodochial  conidia 
from  SB-iiays-cld  culture  on  hard  oai  agar; 
c,  conidia  from  a  thin  slimy  layer  from  16- 
days-old  ddture  on  slightly  acidified  hard 
pot€Uo  agar;  d,  conidia  from  aerial  myce- 
lium from  6B-days-old  ctdlure  on  red  rasp- 
berry cane  plug;  b,  conidiophores  from  16- 
days-old  culture  on  slightly  acidified  hard 
potato  agar;  f,  chlamydospores  from  176- 
days-old  culture  on  com  agar;  o,  conidio- 
phores from  52-days-old  culture  on  red  rasp- 
berry cane  plug 


quentibus;  aerio  mycelio  ex  albo 
"sea-foam  yellow"  (R)  vel  "honey-yellow"  (R);  substrato,  in  agaribus 
perglucosis,  plerumque  e  "chamois"  (R)  "raw  sienna"  (R)  vel  etiam 
in  nonnuUis  culturis  maturis  "antique  brown"  (R);  conidiis  in  totum 
plerumque  e  "pinkish  buff"  (R)  pallide  "orange"  (R)  vel  interdum  e 
viridi  caeruleis. 


*■  A  very  exceptional  color  for  an  organism  of  the  section  Discolor,  and  observed  only  in  F.  subpaUidum. 
When  the  conidia  are  from  green  to  blue  in  mass*  some  of  them  appear  under  the  microscope  very  densely 
blue  as  if  stained  with  methyl  blue.  The  same  was  observed  also  in  the  case  of  F.  coertUewm^  r.  Marin, 
and  F.  SoJont  var.  cyanum. 
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Hab.  In  tuberibus  aridis  et  extra  putridis  Solani  tuberosi.  Fungus  e 
tuberibus  Solani  tuberosi  putridis  ab  Edgerton  in  Louisiana,  Amer.  bor. 
reoeptis,  sejungebatur. 

Measurements  of  conidia  on  various  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  fifteen  days  old;  conidia 

from  pseudopionnotes: 

Conidia:  O-septate,  rare 
1-septate,  rare 
2-septate,  rare 

3-septate,  23  per  cent,  24.4  x  5.2  (16-30'x  4.7-5.7)m 
4-septate,  31  per  cent,  25.6  x  5.5  (19-32  x  5.2-5.9)/* 
5-septate,  45  per  cent,  28  x  5.7  (24-34  x  4.7-5.9)/i 
6-  and  7-septate,  1  per  cent,  31  x  6.1  (26-35  x  5.7-6.4)m 

On  red  raspberry  cane  plug,  culture  fifty-nine  days  old;  conidia  from 
aerial  mycelium: 

Conidia:    3-i3eptate,  40  per  cent,  24  x  4.7  (20-28  x  4.3-5)m 
4-septate,  18  per  cent 

5-fleptate,  42  per  cent,  28x5.2  (24-31  x  5-5.3)  m  (only  four 
measured) 

On  hard  potato  agar,  culture  one  hundred  and  seventy-five  days  old: 

(1)  Conidia  from  a  sporodochium 

Conidia:    3-septate,  4  per  cent,  26  x  5.3  (23-28  x  5.2-5.4)m 
4-septate,  1  per  cent 
5-septate,  95  per  cent,  29  x  5.8  (26-33  x  5.2-6.1)m 

(2)  Chlamydospores 

O-septate,  in  conidia,  8  x  7.5  (7-9  x  6-9)m 
l-septate,  in  mycelium,   15.5x10.3    (10-18  x  8.7-13.2)m,   the 
largest  observed  being  21  x  14m 

On  medium  soft  potato  agar,  culture  fifty  days  old: 

(1)  Conidia  from  thin  pseudopionnotes 

Conidia:    3-septate,  28  per  cent,  25  x  5.4  (26-29  x  4.8— 5.9)m 
4-septate,  23  per  cent,  about  the  size  of  5-septate 
5-septate,  49  per  cent,  28  x  5.6  (24-32  x  5.2-6.3)/* 

(2)  Chlamydospores 

0-  and  1-septate,  in  clusters  and  chains,  7-16/*  in  diameter 
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On  hard  oat  agar,  culture  twenty-three  days  old;  oonidia  from  sporo- 
dochium: 
C!onidia:    5-8eptate,  100  per  cent,  32.6  x  6.4  (24-35  x  6.2-5.7)m 

Average  of  the  above  measurements: 
Conidia:    0-  to  2-septate,  rare 

3-^ptate,  19  per  cent,  24.6  x  5.2m 
4-^ptate,  15  per  cent,  25.6  x  5.5m 
5-septate,  66  per  cent,  29.1  x  5.53m 
6-  and  7-«eptate,  Very  rare,  31  x  6.1m 

46.  Fvsarium  svbpcMidum  var.  roseum  n.  var.  (Fig.  1,  Si  and  Ti;  PI.  iv, 
fig.  3) 

Differs  from  F.  svbpcdlidum  by  lower  septation  of  conidia,  the  majority 
being  3-septate,  25.25  x  4.9  (22.5-27  x  4.7-5)  m,  and  by  a  tint  or  shade 
of  from  T3rrian  rose  to  pomegranate  purple  in  substratum  on  agars  rich 
in  glucose. 

Hab.    On  rotted  tubers  of  Solanum  tvberomm,  Kentucky. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  sli^tly  acidified  hard  potato  agar,  culture  fifteen  days  old;  conidia 

from  pseudopionnotes: 

Ck>nidia:    0-«eptate,  few 

1-septate,  1  per  cent,  17.6  x  4.7  (10-18  x  4.7)m 
2-septate,  1  per  cent 

3-fieptate,  44  per  cent,  24.6  x  4.8  (18-29  x  4.7-6.3)m 
4-septate,  35  per  cent,  27  x  4.9  (24-30  x  4.7-n5.3)M 
5-septate,  19  per  cent,  29  x  5.3  (24-32  x  4.7-5.7)m 

On  red  raspberry  cane  plug,  culture  seventy-three  days  old;  conidia 

from  a  sporodochium: 

Conidia:    0-^ptate,  exceptional 

l-fieptate^l  ^      ^  ^^^  f  12  x  4.1  (10-14  x  3.8-4.4)m 
2-septate/     ~  \  23  x  4.8m  (only  a  few  measured) 

3-septate,  34  per  cent,  26  x  5  (21-28  x  4.7-5.3)m 
4-fleptate,  35  per  cent,  28  x  5.3  (23-30  x  4.8-5.7)m 
5-septate,  30  per  cent,  30  x  5.3  (24-33  x  5-n5.7)M 
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On  hard  lima-bean  agar,  culture  thirty-two  days  old;  conidia  from  a 
sporodochium: 
Conidia:    1-septate,  16  per  cent 

2-«eptate,  7  per  cent 

3-fleptate,  77  per  cent,  22.5  x  4.8  (18-25  x  4.7-5.3)/* 

4-8eptate,  few,  26  x  5.1  (25-30  x  4.7-5.3)m 

On  hard  oat  agar,  culture  twenty-three  dajrs  old;  conidia  from  a  sporo- 
dochium: 

Conidia:    3-«eptate,  90  per  cent,  27  x  4.7  (24-34  x  4.1-4.9)/* 
4-septate,  9  per  cent,  29  x  4.9  (24-34  x  4.1-6.2)/* 
5-septate,  1  per  cent,  33  x  4.9  (30-40  x  4.8-6.2)/* 

Average  of  the  above  measurements: 
Conidia:    0-septate,  rare 

1-septate,  4.5  per  cent,  17.5  x  4.7m 
2-septate,  2  per  cent 
3-septate,  61  per  cent,  25.25  x  4.9/t 
4-septate,  20  per  cent,  27.6  x  5.1 /t 
5-septate,  12.5  per  cent,  29.5  x  5.3m 

47.  Fttsarium  clavatum  n.  sp.  (Figs.  1ri  and  40;  PI.  iii,  figs.  11  and  12; 
PL  VII,  fig.  2) 

Conidia  sickle-shaped,  typically  distinctly  broader  in  upper  third  of 
their  length,  somewhat  suddenly  constricted  at  the  apex,  slightly  pedicel- 
late, mostly  3-  to  5-septate,  5-septate  measuring  36.2  x  5.05  (32-46  x 
4.8-6.2) m;  aerial  myceUum  of  a  medium  development  (2  to  4  millimeters 
high,  more  or  less  loose)  to  nearly  absent,  and  then  substratum  covered 
with  pseudopionnotes;  chlamydospores  scant,  not  in  long  chains;  color 
of  aerial  mycelium  and  substratum  from  white  to  light  pink  and  that  shown 
on  Plate  in,  figures  11  and  12;  color  of  pseudopionnotes  from  pale  pink 
to  deep  olive-buflF  and  chocolate  brown  (PL  iii,  fig.  11);  color  of  sporo- 
dochia  bright  orange  (PL  vii,  fig.  2). 

Hab.  On  rotted  tubers  of  Solanum  tuberosum^  together  with  F.  coerw- 
leum,  Castile,  New  York. 

Latin  description, — Conidiis  falciformibus,  tjrpicedistincte  latioribus  in  su- 
periore  tertio  longitudifiis,  apice  aliquatenus  subito  constrictis,  parum  pedi- 
cellatis,  plerumque  3-5-septatis.  5-septatis,  36.2x5.05  (32^6x4.8-5. 2) m; 
aerio  mycelio  mediocriter  maturo   (2-4  mm.   alt.,   plus  minusve    laxo) 
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vel  ferme  nuUo,  quae  cum  ita  sint  substrate  pseudopionnotibus  obsito; 
chlamydosporis  paucis,  non  catenulatis;  aerio  mycelio  substratoque  ex  albo 
pallide  rubello  vel  eodem  colore  quod  in  Tab.ni,  figg.  11,  12,  exhibente; 
pseudopionnotibus  e  pallide  rubello  "olive-buflF "  (R)  et  ''chocolate  brown  " 
(R);  sporodochiis  nitide  "orange"  (R). 

Hab.    In  tuberibus  putridis  Solani  tuberosi  una  cum  F.  coeruleo,  Cas- 
tile, New  York,  Amer.  bor. 

Measurements  of  conidia  on  various  media  are  as  follows: 

On  red  raspberry  cane  plug,  culture  ninety-two  days  old;  conidia  from 
pseudopionnotes : 
Conidia:    3-«eptate,  5  per  cent,  27  x  4.2  (20-35  x  4-4.7)m 

5-septate,  95  per  cent,  35  x  4.8  (20-39  x  4.3-5.7)m 


Fig.  40. —  Fusarium  davaium,  a,  Conidia  from  a  thin  layer  near  substratum  from  92' 
days-M  cytture  on  red  raspberry  cane  plug  {conidia  1  and  5  are  Ufpical,  but  in  cericnri  areas 
conidia  like  t,  5,  and  4  y>ere  present  almost  to  the  exclusion  of  the  otiier  kinds);  b,  conidia  from 
tkin  layer  from  ItO-days-M  culture  on  potato  stem  plug;  c,  pseudopionnotal  conidia  from  4I- 
days-old  culture  on  rye  straw;  d,  pseudopionnotal  conidia  from  SB-days-cld  culture  on  hard 
oat  agar;  e,  pseudopionnotal  conidia  from  10-days-old  culture  on  potato  agar;  f,  pseudopionnotal 
conidia  from  B-days-old  culture  on  hard  limaiean  agar;  o,  ddamydospores  from  lO-days-M 
culture  on  potato  agar 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  twenty-two 

days  old;  conidia  from  aerial  mycelium: 

Conidia:    3-septate,  60  per  cent,  26  x  4.9  (10-38  x  4.3-5.3)m 

4H3eptate,  16  per  cent,  32  x  5.2/*   (only  one  measured) 
5-septate,  24  per  cent,  32  x  5.15  (29-36  x  4.7-5.3)m 

On  medium  soft  potato  agar,  culture  ten  days  old;  conidia  from  atrial 
mycelium  (chlamydospores  intercalary,  in  chains  and  clusters) : 
Conidia:    1-septate,  1  per  cent,  16  x  4.4m  (only  three  measured) 
3-«eptate,  82  per  cent,  26  x  5  (23-31  x  4.7-6.4)/* 
4-8eptate,  9  per  cent,  29  x  5.1  (28-32  x  4.7-5.3) /i 
6-fleptate,  8  per  cent,  32  x  5.2  (29-34  x  4.7-5.3)/* 
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On  hard  lima-bean  agar,  culture  nine  days  old;  oonidia  from  aerial  myce- 
lium close  to  substratum : 
Conidia:     l-septate,  very  Tare 

2-septate,  very  rare 

3-«eptate,  33  per  cent,  30  x  4.6  (lfr-34  x  4.3-4.8)m 

4-septate,  23  per  c^it 

5-^ptate,  44  per  cent,  36  x  5  (33-40  x  4.6-5.4)/* 

On  same  medium  as  above,  culture  fifteen   days  old;   conidia  from 
pseudopionnotes : 
Conidia:    2-septate,  very  rare 

3-septate,  36  per  cent,  33  x  5  (22-39  x  4.6-5.3)/* 

4-septate,  22  per  cent 

5-^eptate,  42  per  cent,  36.5  x  5.1  (33-41  x  4.^-5.3)/* 

Average  of  .the  above  measurements : 
Conidia:     l-septate,  rare,  16x4.4/* 
2-septate,  very  rare 
3-septate,  43  per  cent,  28.5  x  4.75/* 
4-septate,  15  per  cent 
6-septate,  42  per  cent,  36.2  x  5.05/* 

48.  Fumrium  discolor  Ap.  et  Wr.  (Fig.  1qi  and  41;  PL  iv,  fig.  4;  PI.  v, 
fig.  11) 

Appel,  O.  and  Wollenweber,  H.  W.,  Arb.  K.  biol.  Anst.  Land-  u. 
Forstw.  8:108-115;  PL  i,  figs.  50  to  59;  PL  in,  fig.  7.     1910. 

Conidia  for  greater  part  of  their  length  of  nearly  even  diameter,  sickle- 
shaped,  gradually  attenuated,  often  somewhat  suddenly  constricted  at 
the  ap)ex,  pedicellate,  mostly  3-  to  5-septate,  5-septate  measuring  38.7  x 
5.1  (35-40x4.6-5.1)/*,"  on  aerial  mycelium,  in  pseudopionnotes,  and  in 
plectenchymic  sporodochia;  chlamydospores  scant,  not  in  long  chains; 
aerial  mycelium  from  poorly  to  well  developed,  from  pale  piak-buflF  to 
ochraceous  orange  and  Eugenia  red;  color  of  substratum,  on  agars  rich 
in  glucose,  from  pale  salmon  at  an  early  stage  and  warm  sepia  in  old  cul- 
tures to  tyrian  and  ox  blood;  color  of  conidia  mostly  from  light  ochraceous 
salmon  to  ochraceous  buff. 


M  Siae  of  5-«eptaie  oonidia  aocording  to  Wollenweber's  data  (see  Appel  atkl  Wollenweber  1910  :  111-112) 
is  36  X  5.1  (29-30  z  4.5-5.5)/i*  The  writer's  meamirementB  were  taken  from  cultures  of  the  same  organ- 
iam.  AYRraise  siae  of  F.  diteolor  strain  isolated  in  United  States  ia,  for  3-eeptate  oonidia,  30.2  z  4.4m 
(from 26  to  98  per  cent),  and  for  &-tseptate  oonidia, 38.4  z  4.85  (33.5-44  z  4.5-5)m  (from  0  to  53  per  cent). 
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Hab.  In  stems  and  rotten  tubers  of  Solanum  ivberosum^  in  Germany 
and  in  the  United  States. 

Differs  from  F.  davatum  mainly  by  indistinctly  clavate  oonidia  and  by 
presence  of  denser  hues  of  red  color  in  substratum. 

Measurements  of  conidia  on  various  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  twenty-four  days  old; 

conidia  from  pseudopionnotes: 

Conidia:    1-septate,  rare 

3-septate,  11  per  cent,  32.3  x  4.3  (27-37  x  4.1-4.9)/* 
4-fleptate,  14  per  cent,  36  x  4.5  (32-42  x  4.3-5)/* 
5-septate,  75  per  cent,  39.2  x  4.7  (31-46  x  4.3-5.7)/* 
6-septate,  few,  53  x  5.8/i  (only  one  measured) 


Fio.  41. —  Fusarium  discolor,  a,  Conidia  from  a  smaU  pledenchymic  aporodochium;  b, 
conidia  from  pseudopionnotes  from  IS-days-old  adiure  on  sligkUy  addijied  hard  potato  agar; 
c,  conidia  from  81 -days-old  crdtvre  on  red  raspberry  cane  plug;  d,  conidia  from  SB-days-M 
cidhtre  on  potato  stem  plug;  e,  conidiophores  from  ahial  mycelium  from  81 -days-old  tmliure 
on  red  raspberry  cane  plug;  7,  conidiophores  from  minute  sporodochia  from  S6-days-old  cidture 
on  potato  stem  plug;  o,  conidia  from  mycelial  growth  from  4I -days-old  culture  on  rye  straw; 
H,  conidiophore  from  pseudopionnotes  from  15-days-M  culture  on  slightly  acidified  hoard  potato 
agar;  i,  pseiuiopionnotal  conidia  from  O-days-old  crdture  on  hard  lima-bean  agar;'!^  intercalary 
chlamydospore  from  culture  on  corn  agar 

On  red  raspberry  cane  plug,  culture  seventy-two  days  old;  conidia  from 

minute  sporodochia  on  aerial  mycelium: 

Conidia:    1-  and  2-septate,  rare 

3-fieptate,  27  per  cent,  30  x  4.4  (19-49  x  3.7-4.8)/* 
4-septate,  24  per  cent,  36  x  4.6  (26-49  x  3.9-5.9)/* 
6-septate,  49  per  cent,  40  x  5.2  (32-50  x  4.9-5.9)/* 
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On  potato  tuber  plug,  culture  ninety-nine  days  old;  oonidia  from  a 

sporodochium: 

Conidia:    3-«eptate,  6  per  cent,  26  x  4.7  (22-30  x  4.3-4.8)m 
4-septate,  25  per  cent,  33  x  5  (28-40  x  4.6-5)  m 
5-8eptate,  69  per  cent,  36  x  5.2  (28-42  x  4.7-n5.7)M 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  fifty-four  days 
old;  conidia  from  a  small  sporodochium: 
Conidia:    1-  to  3-fieptate,  rare 

4-septate,  2  per  cent,  36  x  4.9/i  (only  two  measured) 
5-fieptate,  98  per  cent,  40  x  5.2  (33-44  x  4.6-5.5)m 

On  hard  lima-bean  agar,  culture  thirty-four  days  old;  conidia  from 
pseudopionnotes : 
Conidia:    l-septate,  very  rare 

3-fleptate,  49  per  cent,  33.5  x  4.8  (24-44  x  4.1-6)/* 

4-septate,  31  per  cent 

5-septate,  20  per  cent,  39.3  x  5.1  (31-47  x  4.6-6.2)/* 

Average  of  the  above  measurements: 
Conidia:    l-septate,  very  rare 
•  2-rseptate,  very  rare 

3-septate,  19  per  cent,  30.5  x  4.55/i 
4-septate,  19  per  cent 
5-fleptate,  62  per  cent,  38.7  x  5.1/i 
6-septate,  very  rare,  53  x  5.8/i 

49.  Fuscaium  discolor  Ap.  et  Wr.  var.  svlphnreuin  (Schlecht.)  Ap.  et 
Wr.  (PL  IV,  fig.  11) 

Cf .  Schlechtendal,  Fl.  Berol.  2 :  134.  1824.  Appel,  O.,  and  Wollenweber, 
H.  W.,  Arb.  K.  biol.  Anst.  Land-  u.  Forstw.  8:115-118.     1910. 

Differs  from  F.  discolor  by  absence  of  red  color  in  mycelium  and  sub- 
stratum, and  by  entirely  exposed  pseudopionnotes  on  various  agars,  a 
characteristic  culture  of  which  is  shown  in  Plate  iv,  figure  11. 

Average  percentage  of  different  septation  types  and  sizes  of  conidia  on 
three  different  media  are  as  follows: 

Conidia:    l-septate,  about  0.5  per  cent 
2-septate,  very  rare 
3-septate,  about  25  per  cent,  28.5  x  4.2/1 
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4-septate,  about  28  per  cent 

5-septate,  about  46.5  per  cent,  40  x.4.9  (38-41  x  4.8-4.9)  a* 
6-8eptate,  rare,  48x52/1 
50.  Fusarium  discolor  Ap.  et  Wr.  var.  triseptatum  n.  var.  (Figs.  Iwi 
and  42;  PI.  iv,  figs.  5  and  6;  PI.  v,  fig.  10) 

DiflFers  from  F.  discolor  by  dominance  of  3~septate  conidia  24.2  x  4.7 
(22-26  X  4.5-4.9) /i,  by  presence  of  very  large  (up  to  1.2  centimeters  in 
diameter),  warty,  plectenchymic  bodies  (producing  conidia  or  remaining 
sterile)  of  a  pale  pinkish  buff  with  spots  of  a  darker  color,  by  more  intense 
color  of  mycelium  and  substratum  (see  Plate  iv,  figures  5  and  6),  and  by 
production  of  larger  sporodochia  with  darker  spore  masses,  much  the 
same  as  shown  for  F.  culmorum  var.  leteius  in  Plate  iv,  figure  10. 

Hab.  On  rotted  tubers  of  Solanum  tuberosum  together  with  F.  coendeum, 
Long  Island,  New  York. 


.Fig.  42. —  Fusarium  discolor  var.  triseptcUum,  a,  Conidia  from  minute  aerial  sporodochia 
from  BS-days-old  culture  on  slighdy  acidified  hard  potato  agar;  b,  conidia  from  Gd-days-old 
culture  on  potato  stem  plug;  c.  conidia  from  aerial  mycelium  from  culture  on  rye  straw;  d,  conidio- 
phore  from  aerial  mycelium  from  dd-days-old  culture  on  potato  stem  plug;  e,  conidia  from 
plectenchymic  sporodochia,  f,  corddxophores,  from  iS-days-old  slightly  acidified  hard  potato 
agar;  o,  conidia  from  plectenchymic  sporodiochia  from  9-days-old  culture  on  hard  lima-bean 
agar;  h^  basal  part  of  aerial  compound  conidiophore  from  TS-days-old  culture  on  red  raspberry 
cane  plug 

Measurements  of  conidia  on  a  few  different  media  are  as  follows: 
On  slightly  acidified  hard  potato  agar,  culture  twenty-two  days  old; 
conidia  from  minute  sporodochia  on  aerial  myceUum: 
Conidia:    0-septate,  rare 

1-septate,  1.6  per  cent,  16  x  3.9/i 

2H8eptate,  6.4  per  cent,  18.6  x  4.3  (17-21  x  3.9-4.7)/* 

3-6eptate,  91.2  per  cent,  22.5  x  4.5  (17-39  x  3.fr-5.7)M 

4-8eptate,  0.8  per  cent 

5-8eptate,  very  rare,  31  x  5.3  (28-35  x  5.2-5.8)/* 
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On  red  raspberry  cane  plug,  culture  seventy-three  days  old;  conidia  from 
a  sporodochium: 

Conidia:    Q-septate,  very  rare 

1-septate,  2  per  cent,  15  x  3.7  (10-20  x  3-4.2)m 
2-iseptate,  8  per  cent,  20  x  4.1  (17-23  x  3.6-4.7)m 
3-6eptate,  88  per  cent,  24  x  4.6  (17-29  x  3.9-5.3)  m 
4-fleptate,  2  per  cent,  28  x  5.2  (25-30  x  4.8-5.7)/* 

On  hard  lima-bean  agar,  culture  nine  days  old;  conidia  from  a  yoimg 
plectenchymic  sporodochium : 
Conidia:    1-septate,  2  per  cent 

2-septate,  3  per  cent,  20  x  4.6  (13-25  x  4.1-4.7)/* 

3-septate,  88  per  cent,  26  x  4.9  (18-33  x  4.2-6)/* 

4-septate,  6  per  cent 

5-septate,  1  per  cent,  30  x  6.8m  (only  a  few  measured) 

Average  of  the  above  measurements: 
Conidia:    0-septate,  very  rare 

iHseptate,  2  per  cent,  15.6  x  3.8m 
2-septate,  6  per  cent,  19.5  x  4.3m 
3-septate,  89  per  cent,  24.2  x  4.7m 
4-septate,  3  per  cent,  29.5  x  5.25m 
5-septate,  few,  30.5  x  5.55m 

The  organism  seems  to  be  so  different  from  F.  discolor  that  one  may 
wonder  why  it  is  considered  as  a  variety  rather  than  an  independent 
species,  especially  in  view  of  the  fact  that  there  are  some  organisms 
designated  as  species  which  apparently  differ  very  slightly  from  the 
other  related  species.  The  explanation  lies  mainly  in  the  fact  that, 
notwithstanding  a  seemingly  great  difference,  this  difference  is  in  unstable 
characters  —  greater  proportion  of  one  type  of  septation  instead  of 
another,  denser  color,  larger  sporodochia,  and  so  forth  —  and,  moreover, 
in  certain  instances  the  two  organisms  approach  each  other  so  closely 
as  to  be  distinguished  only  with  considerable  difficulty  if  at  all. 

51.  Fusarium  culmorum  (W.  Smith)  Sacc.  (PI.  iv,  fig.  9;  PI.  v,  fig.  8) 
Cf.  WoUenweber,  H.  W.,  Joum.  Agr.  Research    2:260-261,  PI.  xvi, 
fig.  J.     1914. 
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Syn.  Fusarium  eulmarvm  W.  G.  Smith,  Dis.  Field  and  Gard.  Crops,  pp.  208-210,  fig.  92. 

1884. 
Fuaarium  Schribatai  Delacr.,  Bui.  Soc.  Mycol.  France  6:99,  pi.  15,  fig.  1.    1890.    Sao- 

cardo,  Syll.  Fung.  10:726.    1890. 
FuscBTium  ctdfncrtan  (W.  Sm.)  Sacc,  Syll.  Fung.  11:651.    1895. 
Ftwortum  corallintan  Mattirolo  (non  Sacc.),  Mem.  R.  Aocad.  Sd.  Ist.  Bologna,  ser. 

5:6: 677,  fi^s.  16  and  17.    1897. 
Fusarium  rubiginosum  Ap.  et  Wr.,  Arb.  K.  biol.  Anst   Land-  u.  Foratw.  8:95-108; 

text  fig.  8;  PI.  I,  figs.  31  to  48.    1910. 

Conidia  for  a  greater  part  of  their  length  of  an  even  diameteri  mostly 
6-septate,  38.5  x  5.85  (37-40  x  5.3-6.2)/*,  somewhat  suddenly  constricted 
at  apex;  pedicellate,  of  distinctly  ochraceous  orange  color  under  micro- 
scope; chlamydospores  of  more  or  less  common  occurrence  in  mycelium 
and  in  conidia,  not  in  long  chains;  aerial  mycelium  well  developed,  high 
(up  to  1  centimeter  and  more),  very  loose,  at  first  from  white  to  pinkish 
cinnamon,  and  then  to  jasper  and  Eugenia  red;  substratum,  on  potato 
agar  rich  in  glucose,  of  from  spectrum  red  to  carmine-pomegranate  purple, 
with  more  or  less  brick  red  color;  color  of  conidia  in  mass  from  cinnamon 
and  light  ochraceous  to  mikado  brown  and  warm  sepia;  sporodochia 
minute,  separate  or  converging  into  pseudopionnotes. 

Hab.  On  cereals  and  on  potato  tubers  and  some  other  hosts,  in  Europe 
and  the  United  States. 

The  organism  was  isolated  by  the  writer  from  rotted  potato  tubers, 
alone  and  in  association  with  other  Fusaria. 

Measurements  of  conidia  on  different  media  are  as  follows: " 

On  slightly  acidified  hard  potato  agar,  culture  twenty-three  days  old; 

conidia  from  pseudopionnotes: 

Conidia:    3-septate,  5  per  cent,  33  x  5.9  (21-36  x  4.7-6.1)m 
4-fieptate,  10  per  cent,  36  x  6.1  (30-37  x  6.7-6.4)m 
6-septate,  85  per  cent,  37  x  6.2  (32-46  x  5.2-6.5)/* 

On  red  raspberry  cane  plug,  culture  seventy-two  days  old: 
(1)  C!onidia  from  a  sporodochium 
Conidia:    3-septate,  3  per  cent 
4-septate,  10  per  cent 
5-septate,  87  per  cent,  40  x  6.2  (33-53  x  5.8-7)m 

■  Arerage  of  the  meMarements  given  by  Appel  and  Wollenweber  (1910 :106)  is  m  foBows. 
OnddU:    O-  to  2--8eptate,  about  1  per  cent 

^-septate,  about  11  per  cent,  26  x  6.5^ 

4-9eptate,  about  13  per  cent,  27  z  5.7m 

fr~8eptate,  about  74  per  cent,  39  x  6.1m 

6-aeptate.  about  1  per  oent,  46  x  6m 

i6 
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(2)  Conidia  from  aerial  mycelium 
Conidia:    3-«eptate,  60  per  cent,  30  x  4.7  (1&-39  x  4.1-5.9)^* 
4-fleptate,  25  per  cent,  37  x  6  (31-42  x  4.4r-5.9)/i 
5-septate,  15  per  cent,  39  x  5.3  (35-43  x  5.2-5.9)m 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  one  hundred 
and  fifty-four  days  old;  conidia  from  pseudopionnotes : 
Conidia;    0-septate,  rare,  8  x  4/i  (only  a  few  measured) 

1-septate,  rare,  12  x  3.7m  (only  a  few  measured) 

2-septate,  rare 

3-6eptate,  3  per  cent,  26  x  4.7  (17-34  x  4.1-5.5)/* 

4-septate,  7  per  cent 

5-septate,  89  per  cent,  38  x  5.7  (33-47  x  5.2-6.1)/* 

6-septate,  1  per  cent,  49  x  5.7/*  (only  a  few  measured) 

7-septate,  very  rare,  56  x  6.1/*  (only  a  few  measured) 

Average  of  the  above  measurements: 
Conidia:    O-iseptate,  very  rare,  8  x  4/« 
1-septate,  very  rare,  12  x  37/* 
2-septate,  very  rare 
3-8eptate,  18  per  cent,  29.67  x  5.1m 
4-septate,  13  per  cent 
5-septate,  69  per  cent,  38.5  x  5.85/* 
6-septate,  few,  49  x  5.7/* 
7-septate,  exceptional,  56  x  6.1/* 

52.  Fuaarium  admorum  (W.  Smith)  Sacc.  var.  leteius  n.  var.  (Figs.  li>» 
and  43;  PL  iv,  figs.  1,  2,  10;  PI.  v,  fig.  9) 

Differs  from  F,  cylmorum  mainly  by  somewhat  conama-like  conidia 
from  aerial  mycelium,  by  typical  presence  of  medium  large  (up  to  from 
3  to  5  millimeters  in  diameter)  sporodochia,  and  by  somewhat  broader 
average  size  of  conidia. 

Hab.  On  rotted  tubers  of  Solarium  tvberosum,  Atlanta  and  Forks, 
New  York. 

Measurements  of  conidia  on  different  media  are  as  follows: 
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On  slightly  acidified  hard  potato  agar,  culture  fifteen  days  old;  conidia 

from  a  sporodochium : 

Conidia:     Inseptate,  0.5  per  cent,  18  x  5.2  (14-22  x  4.7-5.9)/* 
2-septate,  5.5  per  cent,  23  x  6.9  (20-26  x  6.4-7.9)/* 
3-fieptate,  34  per  cent,  26.5  x  7  (21-33  x  5.6-7.6)/* 
4-septate,  38  per  cent,  33.2  x  7.3  (26-38  x  6.4-7.9)/* 
6-septate,  22  per  cent,  36.4  x  7.5  (31^14  x  7-8.8)/* 
6-septate,  very  few,  44.5  x  8.9/*    (only  one  measured) 


Pio.  43. —  Fusarivm  eulmorum  par.  Uteius,  a,  Conidia,  b,  conidiophores,  from  atrial  sporo' 
doehium  from  IS-days-old  culture  on  slightly  acidified  hard  potato  agar;  c,  conidiophore  from 
ll-days-M  culture  on  hard  lima-bean  agar;  d,  conidia  from  plectenchyrnic  sporodochium,  e,  f,  q, 
comdiophorea,  from  TB-days-old  culture  on  red  raspberry  cane  plug;  h,  irUercalary  chlamydospores 
from  175-dayi-old  culture  on  com  agar;  i,  conidia  from  plederichymic  sporodochium  from  11- 
days-old  cuUwre  on  hard  lima-bean  agar;  j,  intercalary  chlamydospores  from  ITS-days-old  culture 
on  com  agar  (some  chlamydospores  producing  conidiophores) ;  k,  conidia  from  airial  sporodochia 
from  7t-days-old  cuUure  on  red  raspberry  cane  plug;  h,  tip  of  atrial  kypha  showing  prominent 
tweUings  (magnificaiion  260  Hmes) 

On  red  raspberry  cane  plug,  culture  seventy-two  days  old: 
(1)  Ck>nidia  from  a  plectenchymic  sporodochium  borne  directly  on  the 
plug 
Ck>nidia:    S-septate,  14  per  cent 
4-septate,  20  per  cent 
5-septate,  66  per  cent,  43  x  6.2  (31-53  x  5.8-7)/* 
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(2)  Conidia  from  a  bushlike  sporodochium  borne  on  aerial  mycelium 
Conidia:    1-  and  2-septate,  very  few 

3-«eptate,  40  per  cent,  29  x  6.9  (26-35  x  6-7.8)/* 
4-septate,  30  per  cent,  32  x  6.8  (29-36  x  6-7.5)/* 
6-septate,  30  per  cent,  37  x  6.8  (31^2  x  6.3-7.5)/* 

On  hard  lima-bean  agar,  culture  eleven  days  old;  conidia  from  a  sporo- 
dochium (only  mature  spores  measured) : 
Conidia:     1-septate,  2  per  cent 

3-septate,  26  per  cent,  32  x  6.1  (24-37  x  5.2-6.7)/* 

4-septate,  37  per  cent 

5-septate,  35  per  cent,  39  x  5.9  (30-44  x  5.3--6.7)/i 

Average  of  the  above  measurements: 
Conidia:    1-septate,  0.5  per  cent,  18  x  5.2/* 
2-septate,  1.5  per  cent,  23.5  x  6.9/« 
3-septate,  28  per  cent,  27.2  x  6.7/* 
4r-septate,  31  per  cent 
5H3eptate,  39  per  cent,  38.85  x  6.6/* 
6-septate,  exceptional,  44.5  x  8.9/*  (only  one  measured) 

XI.  Section  Martiella  Wr.  (Fig.  1,  Xi  to  Ca).  Wollenweber,  H.  W., 
Phytopath.  3 :30,  Fig.  1,  a  to  c.  1913 
Microconidia  on  aerial  mycelium  typically  present,  from  oval  to  oblong, 
mostly  0-septate;  macroconidia  mostly  3-septate,  of  nearly  even  diameter 
throughout  or  but  slightly  broader  either  toward  apex  or  toward  base, 
nearly  straight  in  lower  half  and  more  or  less  curved  near  apex,  with 
somewhat  rounded  apex  or  only  slightly  pointed  or  constricted,  typically 
from  slightly  pedicellate  to  apedicellate;  aerial  mycelium  mostly  from 
white  to  a  light  tint  of  chamois  and  drab  hues;  substratum,  on  neutral 
agars,  never  rose-pink  nor  pomegranate  purple  in  color,  sometimes 
from  vinaceous  to  l3lue;  color  of  conidia,  except  in  acid  media,  mostly  from 
pale  buff  to  drab,  often  distinctly  from  green  to  blue. 

53.  Fusarium  Martii  Ap.  et  Wr.  (Figs.  1,  Zi  and  A2,  and  44m) 
Appel,  O.,  and  Wollenweber,   H.  W.,  Arb.  K.  biol.  Anst.  Land-  u. 
Forstw.  8:78-84,  text  fig.  5.     1910. 
Macroconidia   mostly   3-septate,   43.9x5.15   (42-46x4.9-5.3)/*,    and 
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4-septate,  49.3x5.3  (48-50x4.9-5.4)/*,  often  also  5-septate,  typically, 
when  mature,  of  from  deep  lichen  and  montpellier  green  (on  com  meal 
agar)  to  light  olive-drab  (on  potato  agar  rich  in  glucose)  and'  often  to 
dark  blue  (on  potato  tuber  plug),-**  macroconidia  usually  produced  in 
abundance  in  small  sporodochia  and  in  pseudopionnotes;  chlamydospores 
terminal  and  intercalary,  single,  in  clusters,  and  in  short  chains,  mostly 
0-septate,  9.25x8.16  (8-11.3x7.5-9.3)/*;  aerial  mycelium  typically  me- 
dium short  (from  1  to 4 millimeters),  loose,  more  or  less  coarsely  powdered 
with  conidia,  and  typically,  on  potato  agar  rich  in  glucose,  of  from  smoke 
gray  to  sometimes  Charturadrab  color;  the  substratum  on  the  same  kind 
of  medium  being  mostly  of  from  tawny  olive  to  sepia  in  color. 


Fig.  44. —  a-i,  Fusarium  Martii  var.  viride.  a,  Psevdopumnotal  conidia  (the  stippled  one 
duwing  dense  granulation  of  the  protoplaem  nuisking  septation)^  b,  conidiophores  (magnification 
£60  times),  from  U-days-M  cidture  on  slightly  acidified  hard  potato  agar;  c,  conidia  showing 
dense  grantilaHon  of  the  protoplasm  containing  from  snuiU  large  oil  globules  from  BB-days-dd 
culture  on  rye  straw;  d,  chlamydospores,  terminal  and  intercalary^  e,  pseudopionnotal  conidiaf 
from  71 -days-old  culture  on  potato  tuber  plug;  f,  corddiophore  from  VO-days-cld  culture  on 
potato  stem  plug;  o,  conidia^  n,  conidiophores  from  ^l-days-ild  cuUtare  on  stem  plug;  i,  pseudo- 
pionnotal conidia  from  64-days-old  culture  on  potato  tuber  plug 

J-L,  Fusarium  Martii  var.  minus,  J,  conidia  from  plectenchymic  sporodochium  from  71- 
days-old  culture  on  potato  tuber  plug;  k,  sporodochial  conidia  from  SB-days-M  culture  on  red 
raspberry  cane  plug;  Ka,  microconidia  from  aerial  mycelium;  h,  basal  part  and  one  branch 
of  compound  conidiophore  from  71 -days-old  culture  on  potato  stem  plug 

u,  Fusarium  Martii^  pseudopionnotal  conidia  from  U-days-M  cuUure  on  slighUy  acidified 
hard  potato  agar 

M  The  culture  media  are  mentioned  here  merety  because  the  colors  were  oftener  observed  on  these  media 
than  00  others;  in  fact,  a  green  color  in  conidia  is  often  produced  also  on  potato  tuber  plugs  and  on  some 
other  media,  and  the  same  is  true  ot  a  blue  oolhr.  The  color  is  due  to  color  of  conidia,  not  to  color  of 
nbatratam  alone,  as  can  be  observed  under  the  miorosoope. 
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Hab.  On  rotted  tubers  of  Solanum  tvberosum  and  on  other  plants,  in 
the  United  States  and  in  Europe.  The  organism  was  isolated  by  the 
writer  from  specimens  received  from  various  States., 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  potato  tuber  plug,  culture  seventy  days  old;  conidia  from  pseudo- 

pionnotes: 

Conidia:    0-septate,  rare 

1-septate,  3  per  cent 

2-septate,  rare 

3-septate,  60  per  cent,  46  x  6.3  (38-51  x  5.2-5.7)m 

4r-septate,  30  per  cent,-60  x  5.4  (43-54  x  5.2-5.9)m 

5-septate,  7  per  cent,  52  x  5.6  (45-54  x  5.2-5.9)m 

On  slightly  acidified  hard  potato  agar,  culture  eleven  days  old;  conidia 

from  thin  pseudopionnotes: 

Conidia:  0-septate,  2  per  cent,  11x4/li 
1-septate,  2  per  cent,  20  x  4.5m 
2-septate,  rare 

3-septate,  23  per  cent,  43.5  x  5.2  (33-61  x  4.6-6.3)/* 
4-«eptate,  68  per  cent,  49  x  5.6  (42-65  x  4.6-6.7)/* 
5-septate,  5  per  cent,  60  x  5.85  (56-63  x  5.6-6.45)/* 

On  red  raspberry  cane  plug,  culture  ei^ty-two  days  old;  conidia  from  a 

sporodochium: 

Conidia:    1-  and  2-septate,  rare 

3-septate,  57  per  cent,  44  x  5.1  (2»-50  x  4.3-5.9)/* 
4r-septate,  43  per  cent,  51  x  5.3  (40-54  x  4.7-5.9)/* 
5-septate,  rare,  54  x  5.4/*  (only  one  measured) 

On  potato  tuber  plug,  culture  sixty-four  dajrs  old;  conidia  from  thick 

pseudopionnotes : 

Conidia:    0-septate,  rare,  about  9  x  3.5/* 

3-septate,  55  per  cent,  43  x  4.9  (28-50  x  4.7-5.1)/* 
4-septate,  45  per  cent,  48  x  4.9  (43-55  x  4.7-5.7)/* 
5-septate,  very  rare 
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On  hard  lima-bean  agar,  culture  sixty-eight  days  old;  conidia  from  a 

small  sporodochium: 

Conidia:    Q-  to  2-septate,  very  rare 

3-septate,  48  per  cent,  42  x  5.2  (30-51  x  4.&-5.9)/i 
4-8eptate,  50  per  cent,  48  x  5.3  (41-63  x  4.8-5.9)/* 
5-septate,  2  per  cent,  51  x  5.5  (43-56  x  5-5.9)/* 

On  same  medium  and  of  same  age  as  above,  conidia  from  a  medium 
large  (about  2  millimeters  in  diameter),  short,  column-like  sporodochium: 
Conidia:    0-  to  2-septate,  very  rare 

3-septate,  49  per  cent,  45  x  5.2  (36-49  x  4.5-5.6)/* 
4-septate,  51  per  cent,  50  x  5.2  (38-56  x  4.8-5.6)/* 
5-septate,  very  rare 

Average  of  the  above  measurements: 
Conidia:    0-septate,  rare,  11x4/* 

l-septate,  1  per  cent,  20  x  4.5/* 
2-septate,  very  rare 
3-septate,  53  per  cent,  43.9  x  5.15/* 
4-septate,  43  per  cent,  49.3  x  5.3/* 
5-septate,  3  per  cent,  54.3  x  5.67/* 

The  average  sizes  given  by  Appel  and  WoUenweber  for  the  same  fungus 
are: 
Conidia:    3-septate,  about  44  per  cent,  49  x  5.25/* 

4-septate,  about  51.5  per  cent,  55  x  5.5/* 

5-septate,  about  4.5  per  cent,  56.5  x  5.5/* 

54.  Fuaarium  Mariii  Ap.  et  Wr.  var.  viride  n.  var.  (Fig.  44,  a  to  i;  PI. 
VI,  fig.  5) 

Differs  from  F,  Mariii  by  having  macroconidia  somewhat  narrower, 
and  usually  by  a  paler  color  of  conidia  and  substratum;  dark  blue  color 
of  oonidial  masses  not  observed.  Typical  color  of  conidia  in  mass,  on 
potato  agar  rich  in  glucose,  pale  smoke-gray,  and  of  substratum  pale  drab- 
gray. 

Hab.  In  discolored  fibrovascular  bundles  of  Solatium  tvberosum,  in 
stems  and  tubers,  at  Atlanta  and  Castile,  New  York. 

Measurements  of  conidia  on  various  media  are  as  follows: 
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On  potato  tuber  plug,  culture  seventy-one  days  old;  conidia  from 
pseudopionnotes : 

Conidia:    0-iseptate,  4  per  cent 
1-septate,  22  per  cent 
2-septate,  10  per  cent 

3-^ptate,  60  per  cent,  39  x  5  (33-43  x  4.6-5.2)/* 
4-fleptate,  4  per  cent 

On  slightly  acidified  hard  potato  agar,  culture  eight  days  old;  conidia 

from  pseudopionnotes: 

Conidia:    0-septate,  rare,  9x4/* 
1-septate,  rare,  17  x  5/* 
2-septate,  rare 

3-«eptate,  41  per  cent,  about  46  x  5  (42-51  x  4.4-5.25)/* 
4-septate,  58  per  cent,  54.4  x  5.25  (45-68  x  4.8-5.6)/* 
5-septate,  1  per  cent,  58.5  x  5.7  (50-62  x  5-6)/* 

On  red  raspberry  cane  plug,  culture  eighty-six  days  old;  conidia  from 
a  sporodochium: 

Conidia:    3-septate,  50  per  cent,  45  x  5.2  (36-53  x  5-5.4)/* 
4-«eptate,  50  per  cent,  54  x  5.4  (42-61  x  5.2-5.9)/* 

On  hard  limarbean  agar,  culture  twenty-two  days  old;  conidia  from 
pseudopionnotes: 

Conidia:    3-«eptate,  90  per  cent,  46.1  x  5  (40-49  x  4.7-5.3)/* 
4-septate,  9  per  cent 
5-septate,  1  per  cent 

On  potato  tuber  plug,  culture  sixty-four  days  old;  conidia  from  thick 
pseudopionnotes : 

Conidia:    3-«eptate,  55  per  cent,  45  x  4.9  (40-49  x  4.8-5.3)/* 
4-septate,  45  per  cent,  49  x  5.3  (45-53  x  5-5.6)/* 

On  hard  limarbean  agar,  culture  seventy-two  da3rs  old;  conidia  from  a 
columnar  sporodochial  mass: 

Conidia:    3-«eptate,  73  per  cent,  45  x  5.1  (40-49  x  4.7-6.3)/* 
4-septate,  27  per  cent,  50  x  5.2  (47-61  x  5-6.6)/* 
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Average  of  the  above  measurements: 
Conidia:    0-septate,  0.5  per  cent,  9x4/* 
1-septate,  3  per  cent,  17  x  5/* 
2-septate,  1  per  cent 
3-septate,  63  per  cent,  44.4  x  5.03/* 
4-septate,  32  per  cent,  51.9  x  6.27/* 
5-septate,  0.5  per  cent,  58.5  x  5.7/* 

55.  Fusarium  Martii  Ap.  et  Wr.  var.  minus  n.  var.  (Fig.  44,  j  to  l; 
PL  1,  figs.  3  and  4;  PL  vi,  fig.  6) 

Diflfers  from  F.  Martii  and  F,  Martii  var.  viride  by  having  smaller,  3- 
septate,  conidia,  36.7x4.8  (30-44x4.55-5.1)/*,  usually  prominent  de- 
velopment of  plectenchymic,  wartlike  stromata,  and  fewer  and  larger 
sporodochia  (PL  vi,  fig.  6). 

Color  of  substratum,  on  potato  agar  rich  in  glucose,  from  light  gray  to 
drab  and  dark  olive-buff,  with  a  fuscous-colored  spot  at  the  point  of 
inoculation  (PL  i,  figs.  3  and  4). 

Hab.  On  rotted  tubers  of  Solanum  tvberosumy  evidently  following 
PhyUyphthora  infestans,  Dutchess  County,  New  York. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  potato  tuber  plug,  culture  seventy-one  days  old: . 

(1)  Conidia  from  a  sporodochium 
Conidia:    0~septate,  8  per  cent 

1-septate,  13  per  cent 
2-septate,  29  per  cent 
3-septate,  50  per  cent,  30  x  4.6  (26-33  x  3.6-4.8)/* 

(2)  Conidia  from  pseudopionnotes 
Conidia:    1-septate,  9  per  cent 

2-septate,  37  per  cent 

3-septate,  54  per  cent,  30  x  4.55  (27-34  x  3.9-4.8)/* 

(3)  Conidia  from  oldest  part  of  pseudopionnotes 
Conidia:    3-septate,  100  per  cent,  37  x  4.7  (27^3  x  4.2-5)/* 

On  slightly  acidified  hard  potato  agar,  culture  eleven  days  old;  conidia 
from  pseudopionnotes: 

Conidia:    3-septate,  67  per  cent,  43.75  x  4.6  (24-52  x  3.5-5.3)/* 
4-fleptate,  28  per  cent,  48.65  x  5  (43-53  x  4.3-5.3)/* 
S^geptate,  5  per  cent,  52.85  x  5  (50-67  x  4.3-5.3)/* 
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On  red  raspberry  cane  plug,  culture  eighty-five  days  old;  conidia  from 

a  sporodochium: 

Conidia:  0-septate,  rare 
1-septate,  rare 
2-septate,  rare 

3-septate,  80  per  cent,  38  x  5.1  (28-48  x  4. 1-5.3)  a* 
4-septate,  20  per  cent,  47  x  5.2  (^2-52  x  4.9-5.5) a* 
5-septate,  rare,  47  x  5.2/*  (only  Oxie  measured) 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  twenty-two 
days  old: 
Conidia:    3-septate,  88  per  cent,  41.4  x  4.7  (36-47  x  4.1-5.3)m 

4-septate,  10  per  cent 

5-septate,  2  per  cent 

On  potato  tuber  plug,  culture  sixty-four  days  old;  conidia  from  pseudo- 

pionnotes: 

Conidia:    0-septate,  very  rare 

3-septate,  86  per  cent,  40  x  4.8  (33-49  x  4.1-5.2)/* 
4-septate,  14  per  cent,  48  x  4.9  (38-56  x  4.7-5.7)/* 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  sixty-eight 

days  old;  conidia  from  a  colunmar  mass: 

Conidia:    0-  to  2-septate,  very  rare 

3-septate,  93  per  cent,  40  x  5.1  (30-45  x  4.7-5.4)/* 
4-septate,  7  per  cent,  44  x  5.1  (36-48  x  4.7-5.4)/* 
5-septate,  very  rare,  47  x  5.3/*  (only  one  measured) 

On  same  medium,  culture  also  same  age;  conidia  from  pseudopionnotes: 
Conidia:    0-  to  2-septate,  very  rare 

3-septate,  98  per  cent,  41  x  5  (33-42  x  4.7-5.3)/* 
4-septate,  2  per  cent,  44  x  5.1  (40-50  x  4.8-5.3)/* 

Average  of  the  above  measurements: 
Conidia:    0-septate,  11  per  cent 
1-septate,  2  per  cent 
2-septate,  6.6  per  cent 
3-septate,  71.6  per  cent,  36.7  x  4.8/* 
4r-septate,  8.1  per  cent,  46.2  x  5.06/* 
6-septate,  0.7  per  cent,  50x5.17/* 
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56.  Fuscaram  SoUmi  (Mart.  p.  par.)  Ap.  et  Wr.  (Fig.  1,  Xi  and  Yi; 
Fig.  45,  A  to  g;  PL  i,  fig.  1;  PI.  vi,  fig.  7) 

Appel,  O.,  and  WoUenweber,  H.  W.,  Arb.'  K.  bid.  Anst.  Land-  u. 
Forstw.  8: 64-78;  PL  i,  figs.  1  to  30;  PL  m,  fig.  1 ;  text  fig.  4.     1910. 

Microconidia  alwa}^?  present,  at  least  on  aerial  mycelium,  same  size  and 
shape  as  those  of  F.  Mariii.    Macroconidia  typically  somewhat  broader 


Fig.  45. —  a-o,  Fuaceriwn  SoUmi.  a,  Comdiafrom  plectenchymic  sporodochia  from  dd-days- 
old  cuUtare  on  potato  tvber  plugs;  b,  conidiophoreSf  c,  conidiaj  from  aihrial  mycelium  from  IB- 
days-old  culture  on  hard  lima-iean  agar;  d,  pseudopionnottd  conidia  from  11 -days-old  culture 
on  slightly  acidified  hard  potato  agar;  e,  conidia  from  sporodochium  from  SJ-days-old  culture 
on  red  raspberry  cane  plug;  f,  lerminalf  1- to  S-eeptate,  dilamydospores  produced  by  hypha  and 
conidia^  the  latter  anastomosed,  from  17S-days-old  culture  on  com  agar;  o,  terminal  and  inter- 
calary, clustered,  chlamydospores  from  TO-days^dd  culture  on  potato  tuber  plug 

u-J,  Fusarium  Solani  var.  cyanum,  h,  Sporodochial  conidia  from  87-days-old  culture  on 
red  raspberry  cane  plug;  i,  pseudopionnotal  conidia  from  Id-days-old  culture  on  slightly  acidified 
hard  potato  agar;  j,  atrial  conidia  from  87-days-old  culture  on  red  raspberry  cane  plug 

K-T,  Fusarium  Solani  var.  sufuscum.  k,  PseudopionnoUd  conidia  from  7-days-old  colony 
in  petri  dish  on  hard  potato  agar  {the  middle  spore  above  is  typical  for  the  culture);  h,  sporodochial 
conidia  from  47'days-old  culture  on  rye  straw  (many  conidia  have  coarsely  granuUUed  protoplasm 
and  oil  globules);  u,  compound  conidiophore  in  form  of  dense  tuft  (looking  from  above,  magnifi- 
cation 260  Hmes),  from  47-days-old  culture  on  potato  stem  plug;  n,  chlamydospores,  o,  sporo- 
dochial conidia,  from  70-days-old  culture  on  potato  tuber  phig;  p,  typical  ends  of  conidiophores 
from  47'days-old  culture  on  potato  stem  plug;  q,  sporodochial  conidia  from  87-days-old  culture 
on  red  raspberry  cane  plug;  n,  sporodochial  conidia  and  conidiophore  from  IS-days-old  culture 
on  potato  tuber  plug;  s,  sporodochial  conidia  from  IB-days-old  culture  on  slightly  acidified  hard 
potato  agar;  t,  sporodochial  conidia  from  47-days-old  culture  on  potato  stem  plug 
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in  upper  half  of  their  length,  with  from  rounded  to  slightly  constricted 
apex,  not  at  all  or  slightly  pedicellate,  typically  3-septate,  29.75x5.5 
(27-34.7  X  5.4-5.8)m,  sometimes  4-septate,  rarely  5-septate;  aerial  myce- 
lium from  poorly  to  well  developed,  from  white  to  olive-buflf;  substratum, 
on  potato  agar  rich  in  glucose,  olive-buff  with  a  green-blue  tinge  (PL  i, 
fig,  1,  and  PI.  VI,  fig.  7). 

Hab.  On  Solanum  tvberosum  and  other  substrata,  in  Europe  and  America; 
often  in  association  with  other  Fusaria. 

The  organism  was  often  isolated  by  the  writer  from  rotted  potato  tubers 
received  from  various  States. 

Measurements  of  conidia  on  various  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  eleven  days  old;  conidia 

from  pseudopionnotes: 

Conidia:    1-septate,  0.5  per  cent,  14  x  4  (13-17  x  3.5-5.8)/* 
2-septate,  1  per  cent,  22  x  4.5  (17-28  x  4.2-4.8)/* 
3-septate,  93  per  cent,  34.7  x  5.4  (22-42  x  4.3-6.1)/* 
4-septate,  6  per  cent,  38  x  5.8  (30-43  x  5-6.4)/* 
5-septate,  0.5  per  cent,  44.3  x  5.8  (38-47  x  5-6.4)/* 

On  potato  tuber  plug,  culture  sixty-five  days  old;  conidia  from  a  sporo- 

dochium: 

Conidia:    0-septate,  rare,  8.7  x  4/*  (only  a  few  measured) 
1-septate,  2  per  cent,  20  x  4.6/* 
2-septate,  4  per  cent,  23  x  4.7  (18-25  x  4.4-5.4)/* 
3-septate,  93  per  cent,  28  x  5.8  (22-35  x  4.8^.1)/* 
4-septate,  1  per  cent,  33-5.9  (28-38  x  5.4-€.l)/* 

On  hard  lima-bean  agar,  culture  twelve  days  old: 

(1)  Conidia  from  aerial  mycelium 
Conidia:    O-septate,  20  per  cent 

1-septate,  40  per  cent 
2-septate,  19  per  cent 
3-septate,  21  per  cent,  27  x  5.4  (24-37  x  4.7-«)/» 

(2)  Conidia  from  a  sporodochiujtn 
Conidia:    0-septate,  1  per  cent 

1-septate,  1  per  cent 
2-septate,  1  per  cent 
3-fleptate  (97  to  100  per  cent),  29.3  x  5.4  (24-36  x  4.frn5.9)/» 
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Average  of  the  above  measurements: 
Conidia:    0-septate,  5  per  cent,  8.7  x  4/* 

l-aeptate,  11  per  cent,    17x4.3/* 
2-fieptate,  6  per  cent,  22.5  x  4.6/i 
S-aeptate,  76.5  per  cent,  29.75  x5.5/i 
4-septate,  1.6  per  cent,  35.6  x  5.85 a* 
5-septate,  rare,  44.3  x  5.8/i 

57.  Fusarium  Solani  (Mart.  p.  par.)  Ap.  et  Wr.  var.  cyantim  n.  var. 
(Fig.  45,  H  to  j) 

Differs  from  F.  Solani  mainly  by  having  macroconidia  typically  more 
rounded  at  apex  and  base,  by  fewer  4-septate  and  absence  of  5-septate 
conidia,  and  by  frequent  occurrence  of  bluish  plectenchyma  (od  hard  bean 
agar  and  potato  tuber  plugs) ;  sometimes  distinct  blue  color  in  conidia  also 
observable;  size  for  the  same  septation  type  of  conidia  almost  the  same 
as  that  of  F.  Solani. 

Hab.    Same  as  for  F.  Solani,  but  much  less  common. 

On  potato  tuber  plug,  culture  sixty-eight  days  old;  conidia  from  a 
sporodochium: 
Ck>nidia:    0-septate,  28  per  cent 

l-septate,  22  per  cent 

2-septate,  35  per  cent 

3-septate,  15  per  cent,  28  x  5.2  (24-31  x  4.8-5.7) a* 

On  slightly  acidified  hard  potato  agar,  culture  fifteen  days  old;  conidia 

from  pseudopionnotes: 

Conidia:    0-septate,  14  per  cent,  12  x  3.7  (8.7-14  x  2.5-5)/! 

1-septate,  22  per  cent,  24.5  x  4.5  (15-30  x  3.5-5.3)/* 
2-septate,  19  per  cent,  29  x  5  (24-32  x  4.8-5.3)/* 
3-septate,  45  per  cent,  33  x  5.7  (31-35  x  6-6)/* 

On  red  raspberry  cane  plug,  culture  eighty-seven  days  old;  conidia  from 

a  sporodochium: 

Ck>mdia:    0-«eptate,  few 

l-«eptate,  3  per  cent 

2-«eptate,  5  per  cent,  25  x  5.6  (19-27  x  4.7-5.8)/* 
3-septate,  90  per  cent,  30  x  5.7  (28-35  x  5.2-5.9)/* 
4-8eptate,  2  per  cent,  36  x  5.5  (33-37  x  5.2-5.7)/* 
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On  potato  tuber  plug,  culture  sixty-five  days  old;  oonidia  from  a  sporo- 
dochium: 

Conidia:    0-septate,  few 

1-septate,  12  per  cent,  about  22  x  5/1  (only  one  measured) 
2-septate,  16  per  cent,  about  27  x  5.3/*  (only  one  measured) 
3-^ptate,  72  per  cent,  29  x  5.6  (24-35  x  4.8-5.9) /i 

On  com  agar,  culture  one  hundred  and  seventy-five  days  old;  conidia 
only  few,  chlamydospores  numerous,  terminal  and  intercalary: 

Chlamydospores:    Q-septate,  in  mycelium,  11.3  x  9.3  (8,5-16  x  7.5-11)/* 
1-septate,  in  mycelium,  16.3  x  9.9  (14-20  x  8-14)/* 

On  hard  lima-bean  agar,  culture  twelve  days  old;  conidia  from  pseudo- 
pionnotes: 

Conidia:    Q-septate,  4  per  cent  1  (percentage    may    vary    considerably 
1-septate,  15  per  cent  r    from  somewhat  greater  than  figures 
2-«eptate,  16  per  cent  J    given  here  to  nearly  zero) 
3-septate,  65  per  cent,  33  x  5.2  (27-37  x  4.7-5.6)/* 

Average  of  the  above  measurements: 

Conidia:    0-septate,  9  per  cent,  12  x  3.7/» 
1-septate,  15  per  cent,  23  x  4.75/* 
2-septate,  18  per  cent,  27  x  5.3/* 
3-septate,  57.5  per  cent,  30.5  x  5.5/* 
4-septate,  0.5  per  cent,  35  x  5.5/* 

58.  Fusarium  Solani  (Mart.  p.  par.)  Ap.  et  Wr.  var.  suffuscum  n. 
var.  (Fig.  45,  k  to  t) 

Differs  from  F.  Solani  and  F.  Solani  var.  cyanum  mainly  by  typically 
well-developed,  uniform,  fine,  aerial  mycelium,  with  mass  of  chlamydo- 
spores at  maturity  which  gives  it  a  pale  brownish  tint;  by  sparse  conidial 
production  on  aerial  mycelium;  and  by  the  fact  that  sporodochia  are  usually 
few  and  distant  from  one  another. 

Hab.    On  rotted  tubers  of  SoUmum  tvberosumf  Wisconsin. 
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The  average  size  and  occurrence  of  septation  type  of  oonidia  on  various 
media  are  as  follows: 
Conidia:    0-septate,  5.5  per  cent,  10.7  x  3.15/1 

l-septate,  13.5  per  cent,  20  x  4.5/* 

2-septate,  17  per  cent,  25  x  4.5/* 

3-septate,  60.5  per  cent,  30  x  5.41/* 

4-septate,  3.5  per  cent,  34.5  x  5.5/* 

5-septate,  rare,  42.25  x  5.85/* 

59.  Fusarium  striatum  n.  sp.  (Figs.  Icj  and  46;  PI.  i,  fig.  2) 
Microconidia,  at  least  on  aerial  mycelium,  always  present.    Macro- 
conidia  of  shape  and  septation  intermediate  between  F.  Martii  and  F, 
Solani,  mostly  3-septate,  34.7x4.6  (31-36x4.4-5)/*,  from  colorless  to 


Fig.  46. —  Fusarium  striatum,  a,  Pseudopifmnotal  conidia  from  IT-days-old  cuiiure  on 
slightly  acidified  hard  potato  agar;  b,  pseudopionnottd  conidia  from  68-4ays-oid  culture  on  oats; 
c,  conidia  from  small  sporodochium  from  SB-days-old  culture  on  hard  lima-bean  agar;  d,  sporo- 
dochial  conidia  from  86-day s-old  culture  on  red  raspberry  cane  plug;  e,  pseudopionnotal  conidia 
from  IS-days-old  potato  tuber  plug  (some  of  them  anastomosing);  f,  pseudopionnotal  conidia 
from  IB-day s-old  culture  on  hard  limorbean  agar;  g,  terminal  chlamydospores  produced  by  conidia 
from  64'days-old  culture  on  hard  limarhean  agar  vnth  2  per  cent  glucose;  h,  chlamydospores 
from  SS-days-old  culture  on  hard  limarhean  agar;  i,  compound  conidiophore  from  Si-days-cid 
culture  on  hard  lima-bean  agar 

yellowish  glaucous  and  pale  turquoise  green,  in  numerous  minute  sporo- 
dochia;  sporodochia  often  converging  into  a  pseudopionnotes;  aerial 
mycelium  short  (rarely  up  to  3  millimeters  high),  typically  (on  various 
agars)  fine,  uniformly  from  loose  to  very  loose,  downy  in  appearance, 
from  white  to  grayish  white;  substratum,  on  agars  rich  in  glucose,  from 
pale  glaucous  green  to  tawny  olive  and  sepia. 

Hab.    On  tubers  of  SoUmum  tvberosum,  Colorado. 

Latin  description. — Microconidiis — saltem  in  aerio  mycelio — semper 
praesentibus;  macroconidiis  forma  et  septatione  inter  F.  Martii  et  F. 
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Solani  mediis,  plenunque  S-septatis,  34.7x4.6  (31-36  x  4.4-5)/*,  ex 
hyalino  luteolo-glaucis  vel  pallide  "turquoise  green"  (R),  multis  minutis 
sporodochiis;  sporodochiis  saepe  in  pseudopionnotem  vergentibus;  aerio 
mycelio  brevi  (usque  ad  3  mm.  alt.)  tj^ice  (in  agaribus  variis)  subtiK, 
aequabiliter  laxo  vel  laxissimo,  pubescenti  viso,  ex  albo  caesio-albo;  sub- 
strato — in  agaribus  perglucosis — ex  pallide  glauco-viridi  "tawny-olive" 
(R)  et  "sepia"  (R). 
Hab.  In  tuberibus  Solani  tuberosi,  Colorado,  Amer.  bor. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  slightly  acidified  hard   potato  agar,  culture  seventeen  days  old; 

conidia  from  pseudopionnotes: 

CJonidia:    0-septate,  6  per  cent,  10.6  x  3.15  (8.5-12.5  x  2.5-3.5)/* 
l-«eptate,  10  per  cent,  19.5  x  3.9  (14-21  x  3-4.4)/* 
2-septate,  4  per  cent,  24.15  x  4.2  (21-27  x  3.5-4.7)/* 
3-septate,  64  per  cent,  36.4  x  4.4  (26-50  x  4-5)/* 
4-fleptate,  16  per  cent,  47  x  4.5  (40-56  x  4.3-6.3)/* 
5-septate,  rare,  50  x  4.8  (47-56  x  4.3-5.3)/* 

On  red  raspberry  cane  plug,  culture  eighty-six  days  old;  conidia  from 
a  sporodochium: 
Conidia:    0-septate,  3  per  cent 

1-septate,  7  per  cent,  19  x  3.5  (12-23  x  3-4.1)/* 

2-septate,  2  per  cent 

3-fleptate,  88  per  cent,  41.6  x  5  (24-44  x  4-5.7)/* 

4-fleptate,  very  rare,  43  x  5  (only  one  measured) 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  sixty-four  days 
old;  conidia  from  pseudopionnotes: 
Conidia:    0-septate,  10  per  cent 

1-fleptate,  22  per  cent,  22  x  4.1  (16-30  x  3.5-4.7)/* 

2-septate,  10  per  cent 

3-septate,  58  per  cent,  31  x  4.6  (22-37  x  4.2-5)/* 

On  rye  grain,  culture  sixty-four  days  old;  conidia  from  a  sporodochium: 
Conidia:    0-septate,  39  per  cent 

1-septate,  28  per  cent,  20  x  3.9  (14-23  x  3.5-4.4)/* 

2-septate,  5  per  cent 

3-septate,  28  per  cent,  31  x  4.6  (24-36  x  4.3-5)/* 
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On  hard  lima-bean  agar,  culture  twelve  days  old: 

(1)  Conidia  from  a  sporodochium 

0-septate,  13  per  cent 

1-septate,  30  per  cent 

2~septate,  7  per  cent 

3-«eptate,  50  per  cent,  33  x  4.4  (24^44  x  3.6-4.7) a*  • 

4-septate,  very  few 

(2)  Chlamydospores,  terminal  and  intercalary,  mostly  0-septate,  9  x  7.5 

(7-11  X  &-9)/i 

On  same  medium  as  above,  culture  thirty-two  days  old;  conidia  from 

a  sp)orodochium: 

Conidia:    0-septate,  1  per  cent,  9  x  3.6^  (only  a  few  measured) 
1-septate,  20  per  cent,  20  x  3.9  (14-25  x  3.5-4.1)^ 
2-septate,  5  per  cent,  25  x  4.2  (23-30  x  4-4.4)m 
3-septate,  73  per  cent,  35  x  4.6  (28-37  x  4-4.7)  a* 
4-septate,  1  per  cent,  41  x  4.7/*  (only  a  few  measured) 

Average  of  the  above  measurements: 
Ck>nidia:    0-septate,  12  per  cent,  10  x  3.4/* 
1-septate,  19.5  per  cent,  20  x  3.9/* 
2-septate,  5.5  per  cent,  24.5  x  4.2/* 
3-septate,  60  per  cent,  34.7  x  4.6/* 
4-septate,  3  per  cent,  43.7  x  4.7/* 
5-septate,  very  rare,  50  x  4.8/* 

60.  Fusarium  radicicola^'^  Wr.  (Fig.  47;  PL  vi,  fig.  8) 

Wollenweber,  H.  W.,  Joum.  Agr.  Research  2:257-258,  PL  xvi,  fig.  k, 
1914. 

Microconidia  nearly  straight  near  base,  slightly  curved  in  upper  third 
of  their  length,  with  from  somewhat  rounded  to  distinctly  constricted 
apex,  slightly  pedicellate,  mostly  3-septate,  35.2x4.7  (31-40x4.6-5)/*; 
0-  and  1-septate,  microconidia  very  common,  0-septate  measuring  8x3/*; 
chlamydospores  common,  terminal  and  intercalary,  mostly  0-  and  1-sep- 
tate,   0-septate    averaging   9-10x8.7-8.8/*;    pseudopionnotes   typically 

»^  In  an  article  which  appeared  after  thiB  work  was  ready  for  preae,  Dr.  Wollenweber  (1914)  describes  a 
new  species  of  Fusarium  (F.  radicieola)  with  which  this  organism  appears  identical.  No  cultural  com- 
parisons have  been  possible,  but  the  type  of  tuber  rot  and  t^^>e  of  oonioia  are  alilce,  and  in  certain  instances 
material  for  study  has  come  from  the  same  region.  Possibly  any  di£Ferenoes  may  be  accounted  for  in  the 
difference  in  strains  studied. 

17 
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absent;  plectenchymic  sporodochia  often  present;  aerial  mycelium  well 
developed;  color  of  conidia  from  white  to  olive,  of  substratum  from  pale 
yellowish  to  olive  (on  agar  rich  in  glucose  and  on  potato  tuber  plug). 

Hab.  On  rotted  tubers  of  Solanum  tvberosumj  in  Oregon,  Idaho,  and 
California. 

F.  rodicicola  differs  from  F.  Martii  and  F.  Martii  var.  viride  by  shorter 
macroconidia;  from  F.  Martii  var.  minus  by  absence  of  prominent  plecten- 
chymic sporodochia;  and  from  F.  striatum  by  well-developed  aerial  my- 
celium and  by  typical  absence  of  pseudopionnotes. 


FiQ.  47. —  Fusarium  radidccla.  a,  Conidiophoref  b,  gporodochial  conidia^  from  dT-days-M 
cuUiare  on  potato  stem  plug)  c,  aJnial  and  pseudopionnotal  conidia  from  IfS-days-oid  culture 
on  hard  lima-bean  agar;  d,  conidiophore  (magnificaHon  B60  times)  from  J^-days-oid  cidlttre 
on  rye  straw;  e,  chlamydosporeSf  F,  atrial  conidiaf  g,  conidiophore  (magnifi^  260  times) ,  from 
79'dayS'Old  culture  on  red  raspberry  cane  plug;  h,  conidia  from  the  surface  of  original  stem- 
end  rotted  potato  tuber;  i,  conidia  from  J^-days-M  culture  on  rye  straw;  J,  conidia  from  pseudo- 
pionnotes  in  7 -days-old  colony  in  petri  dish  on  hard  potato  agar;  k,  conidiophore  from  the  sur- 
face of  original  stem-end  rotted  potato  tuber;  l,  ahial  eomdia  dose  to  substratum  from  64^-days-old 
culture  on  hard  limorbean  agar;  m,  chlamydospores  produced  in  mycelium  and  conidia  from 
179-days-old  culture  on  com  agar;  N,  conidia,  o,  spore  hall,  both  magnified  £50  times,  from 
S-days-old  hanging  drop  cuUwre  in  potato  decoction  in  van  Tieghem  cell;  t,  chlamydospores 
from  82-days-M  cvUure  on  potato  tuber  plug;  q,  conidia  and  comdiophorea  from  td-days-dd 
culture  on  oats 

Production  of  macroconidia  in  sporodochia  was  observed  to  be  abun- 
dant only  under  certain  conditions  (not  well  determined  as  yet),  but 
usually  microconidia  alone  are  the  dominant  type.  The  Oregon  speci- 
mens, from  which  cultures  of  the  fungus  were  first  obtained,  showed  a 
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dark,  depressed  area  of  dry  rot  at  the  stem  end  of  the  tubers,  with  cream- 
white,  dense  tufts  of  oonidiophores,  up  to  1  centimeter  high  and  powdered 
with  conidia.  (For  microscopic  characters  see  figure  47.)  Pure  cultures 
ot  this  organism  were  obtained  both  from  the  aerial  conidia  and  from 
plantings  of  the  rotted  tissues  of  the  tubers. 

The  organisms  in  general  differ  much  from  F.  striaJtam,  but  in  certain 
cultures  (in  sporodochia-producing  stage  on  whole  steamed  potato  tubers) 
resemble  it  very  closely. 

Measurements  of  conidia  on  different  media  are  as  follows: 

On  potato  tuber  plug,  culture  eighty-two  days  old: 

(1)  Conidia  from  agrial  mycelium 

Ck>nidia:    0-septate,  95  per  cent,  8x3  (6-15  x  2.1-4)/* 

l-«ptate,  5  per  cent,  15  x  4  (13-21  x  3.4-4.4)/* 
3-septate,  rare 

(2)  Chlamydospores,  intercalary  and  terminal,  unicellular  and  in  chains 

(Hseptate,  9.8  x  8.7  (5.2-16  x  5.2-12)/* 

On  hard  lima-bean  agar  with  2  per  cent  glucose,  culture  sixty-four 
days  old: 

(1)  Conidia  from  aerial  mycelium  close  to  substratum 
Conidia:    0-septate,  80  per  centl 

1-septate,  17  per  cent  >  (size  same  as  above) 
2-septate,  2  per  cent  J 

3-septate,  1  per  cent,  33  x  4.8  (22-41  x  4.3-5.2) /i 
4-fleptate,  rare,  45  x  4.8  (only  a  few  measured) 

(2)  Chlamydospores 

0-«eptate,  9.5  x  8.8  (6.1-12  x  5.2-11)/* 
1-^ptate,  18  X  10  (16-22  x  5-12)/* 

On  hard  lima-bean  agar,  culture  twelve  days  old: 

(1)  Conidia  from  aerial  mycelium 
Conidia:    0-septate,  60  per  cent 

1-fleptate,  30  per  cent 

2-septate,  1  per  cent 

3-septate,  6  per  cent,  37  x  4.6  (28-48  x  4r-5.3)/* 

4-septate,  3  per  cent,  43.6  x  5  (40-49  x  4.3-5.2)/* 

5-septate,  rare,  size  about  that  of  4r-septate 

(2)  Chlamydospores,  mostly  0-septate,  9  x  8.7/* 
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On  whole  steamed  potato  tuber,  culture  sixty  days  old;  oonidia  from  a 
sporodochium: 
Conidia:    0-«eptate,  11  per  cent 

1-septate,  21  per  cent 

2-septate,  8  per  cent 

3-septate,  60  per  cent,  31  x  4.8  (29-38  x  4.2-6.6)/* 

4-septate,  very  rare 

On  oat  grain,  culture  fifty-seven  days  old;  conidia  from  a  sporodochium, 
septation  as  above: 

Conidia:    3-«eptate,  35.2  x  4.7  (25-42.5  x  4.2-5)/* 
4-fleptate,  43  x  5/*  (only  one  measured) 

On  potato  stem  plug,  culture  seventy  days  old;  conidia  from  a  sporo- 
dochium, septation  approximately  that  given  above: 
Conidia:    3-^ptate,  35.2  x  5  (24.5-38  x  3.7-5.5)/* 

4r-septate,  41.6  x  5.8/*  (only  one  measured) 

On  hard  potato  agar,  culture  ten  days  old;  conidia  from  aerial  myce- 
lium close  to  substratum': 
Conidia:    0-«eptate,  30  per  cent 

1-septate,  10  per  cent 

2-septate,  5  per  cent 

3-«ptate,  50  per  cent,  40  x  4.6  (32-46  x  4.3-4.9)/* 

4-septate,  5  per  cent,  47  x  4.8  (45-49  x  4.5-5)/* 

Average  of  the  above  measurements: 
Conidia:    0-septate,  56  per  cent  (from  11  to  95  per  cent),  8x3/* 
1-septate,  16  per  cent,  (from  5  to  30  per  cent),  15  x  4/* 
2-septate,  3  per  cent  (from  0  to  8  per  cent) 
3-septate,  23  per  cent  (from  0  to  60  per  cent),  35.2  x  4.73/* 
4-septate,  2  per  cent  (from  0  to  5  per  cent),  43.9  x  5.1/* 
5-septate,  very  rare,  size  about  that  of  4-septate 

61.  Fuaarium  coendeum  (Lib.)  Sacc.  (Figs.  Ibs  and  48;  PL  i,  figs.  6 
and  6;  PL  vi,  fig.  4) 


Syn.  Ftisarium  violaceum  Fuckel. 

Selenosporium  coendeum  Libert,  in  herbariiun. 

Cf.  Saccardo,  Syll.  Fung.  4:706.    1886.    Appel,  O.,  and  Wollenweber, 
H.  W.,  Arb.  K.  biol.   Anst.   Land-  u.   Forstw.  8:84-91,  PL  m  fig.  6, 
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text  fig.  6.     1910.    WoUenweber,  H.  W.,  Phytopath.  3:31,  44,  45,  Fig.  Ic. 
1913. 

MicroconJdia  of  larger  size  than  those  of  other  species  of  section  Mar- 
tiella,  0~septate,  about  16  x  4.7^.  Macroconidia,  for  the  largest  part,  of 
an  even  diameter  or  somewhat  broader  toward  the  base,  only  sUghtly 
curved  near,  and  more  or  less  rounded  at,  the  apex,  never  apically  con- 
stricted, mostly  apedicellate  or  with  ventrally  depressed  basal  cell,  mostly 
3-septate,  33.3x5  (30-36x4.5-5.4)/*;  aerial  mycelium  usually  medium 


Fig.  48. —  Ftuarium  coertdeum,  a,  Pseudopionnotal  canidiay  b,  amidwphoref  from  S-dayS" 
old  colony  in  petri  dish  on  hard  potato  agar;  c,  chlamydosporeSf  d,  coremiuin4ike  form  of  mycelial 
growth  with  conidiophoreSf  e,  pseudopionnotal  conidia^  from  SS-days-old  culture  on  potato  tuber 
plug;  Vf  conidiophore  from  OB-days-M  culture  on  rye  straw;  g,  conidia  {some  with  chlamydo- 
spores),  Hf  conidiophore  (magnified 260  times),  from  dJ^-days-old  culture  on  rye  straw;  i,  conidia 
from  small  sporodochium,  j,  conidiophore,  from  79-days-old  culture  on  red  raspberry  cane  plug;  k, 
chlamydospores,  l,  pseudopionnotal  conidia,  from  SB-days-old  culture  on  hard  potato  agar,  a, 
B,  p,  G,  and  H  are  from  strains  isolated  from  rotted  potato  tubers  receioed  from  American  sources, 
the  remainder  are  from  the  culture  received  from  Dr.  WoUenweber 

well  developed,  feltlike  in  age,  of  from  white,  bluish  white,  and  olive-bufiF 
to  dusky  slate  violet,  on  potato  agar  rich  in  glucose,  and  to  slate  purple 
on  com  meal  agar;  substratum,  on  potato  agar  rich  in  glucose,  from  deep 
hyssop  violet  to  indian  lake,  ocher-red,  and,  in  older  cultures,  violet- 
carmine;  color  of  conidia  from  orchraceous  orange,  on  strong  acid  agars, 
to  pale  buff  and  mouse  gray,  or  often  blue,  on  neutral  media. 

Hab.     On  rotted  tubers  of  Solatium  tuberosum,  conmion  in  Europe  and 
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America.  Cause  of  most  of  fusarial  rot  on  potatoes  in  storage,  often 
occurring  in  association  with  other  Fusaria. 

The  organism  was  repeatedly  isolated  by  the  writer  from  diseased 
tubers,  and  every  strain  isolated  proved  capable  of  producing  more  or 
less  dark-colored  dry  rot  on  tubers.  It  may  be  mentioned  here  that  a 
white  rot  of  tubers  can  be  produced  by  certain  species  of  Fusarium  of  the 
Elegans  section,  such  as  F.  Ivivlatum,  A  rot  distinctly  striate  in  ap- 
pearance was  often  produced  by  inoculation  with  F.  striatum)  a  brownish 
rot  of  tubers  is  caused  by  F,  trichothedoides;  and  a  more  or  less  pinkish 
rot  with  large  cavities,  more  or  less  covered  with  red  masses  of  macro- 
conidia,  is  produced  by  F.  subviatum  and  F.  svbvlatum  var.  brevius. 

Of  all  these,  F.  coervleum  is  the  commonest  and  most  vigorous  wound 
parasite  of  potato  tubers;  the  next,  perhaps,  is  F.  sybidatum  and  its 
variety. 

Measurements  of  conidia  of  a  few  strains  of  the  species  on  different 
media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  twenty-two  days  old; 
conidia  from  pseudopionnotes,  strain  66: 
Conidia:    Onseptate,  5  per  cent,  16  x  4.7  (6-28  x  4.3-5.5)/* 
1-septate,  9  per  cent,  21  x  4.7  (17-27  x  4.4-5.3)/* 
2-septate,  10  per  cent,  25  x  5.3  (18-32  x  4.6-5.9)/* 
3-septate,  75  per  cent,  30  x  5.4  (20-40  x  4.7-6.1)/* 
4-septate,  1  per  cent,  36  x  5.5  (33-40  x  5.2-6.1)/* 

On  red  raspberry  cane  plug,  culture  seventy-nine  days  old;  conidia  from 
a  sporodochium,  strain  66;  3-septate,  up  to  100  per  cent,  33x5.4  (22- 
40  x  4.8-6)/*;  average  septation  being 
Conidia:    0-septate,  3  per  cent 

1-septate,  11  per  cent 

2-septate,  8  per  cent 

3-septate,  78  per  cent 

4-septate,  rare 

On  com  meal  agar,  culture  one  hundred  and  seventy-five  days  old; 
strain  53;  very  few  conidia  observed;  chlamydospores  numerous: 
Chlamydospores:    0-septate,  8  x  7.5  (5.2-10.5  x  5.2-9)/* 
l^eptate,  11.7  x  7.7  (9.2-14  x  7-8.5)/* 
Also  in  chains  in  mycelium,  9  (7.8-11)/*  in  diameter 
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On  hard  potato  agar,  culture  one  hundred  and  fifty  days  old;  conidia 
from  a  sporodochium,  strain  96: 
Ck)mdia:    0-septate,  10  per  cent 

1-septate,  12  per  cent 

2-septate,  7  per  cent 

3-septate,  71  per  cent,  36  x  5.1  (33^0  x  4.4-5.5)/* 
Chlamydospores:  0-septate,  in  conidia,  average  size  8.8  x  8/* 

On  potato  tuber  plug,  culture  eighty-five  days  old;  conidia  from  a  pseu- 

dopionnotes,  strain  66: 

Conidia:    0-septate,  5  per  cent 
l-septate,  8  per  cent 
2-fleptate,  4  per  cent 
3-septate,  68  per  cent,  34.2  x  4.5/* 
4-«eptate,  9  per  cent,  42  x  4.6/*  (only  one  measured) 
5-septate,  6  per  cent,  55  x  5.5/*  (only  two  measured) 

On  rye  straw,  culture  fifty-four  days  old;  conidia  from  a  sporodochium, 

strain  96: 

Conidia:    0-septate,  2  per  cent 

1-  to  2-septate,  5  per  cent 

a-septate,  89  per  cent,  33.5  x  5.1  (30-37  x  4r«)/* 

4-septate,  4  per  cent,  33  x  6.1/*  (only  one  measured) 

On  rye  straw,  culture  fifty  days  old;  conidia  from  a  sporodochium, 
strain  66: 
Conidia:    0-  to  2-septate,  5  per  cent 

3-septate,  88  per  cent,  30.5  x  4.9  (28-33  x  4.5-5.3)/*  (only  three 

measured) 
4-«eptate,  7  per  cent,  33.2  x  5.1/*  (only  one  measured) 

On  rye  straw,  culture  forty-three  days  old;   conidia  from  a  sporo- 
dochium, strain  53: 
Conidia:    0-  to  2-septate,  23  per  cent 

3-septate,  73  per  cent,  35  x  5  (25-46.2  x  4.7-5.3)/* 
4-septate,  4  per  cent,  50  x  5/*  (only  one  measured) 

On  potato  hard  agar,  culture  eight  days  old;  strain  190: 
Conidia:    0-  to  2-septate,  2  per  cent 
3-septate,  80  per  cent 
4-  and  S-septate,  10  per  cent 
6-  and  7-septate,  8  per  cent,  58  x  5.6  (57-«0  x  5.2-6)/* 
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The  greatest  septation  observed  was  in  a  culture  fifteen  days  old  on  oat 
grains.    This  was  a  9-septate  conidium  measurmg  39  x  5.2/i. 

Average  of  the  above  measurements: 
Conidia:    0-septate,  about  4  per  cent,  16  x  4.7/* 

1-septate,  about  6  per  cent,  21  x  4.7/* 

2-septate,  about  5  per  cent,  25  x  5.3/* 

3-septate,  about  78  per  cent,  33.3  x  5/* 

4-septate,  about  4.5  per  cent,  39  x  5.26/* 

5-«eptate,  about  2  per  cent,  55  x  5.5/* 

6-  and  7-fleptate,  about  0.5  per  cent,  58  x  5.6/* 
Appel  and  Wollenweber^s  measurements  for  3-septate  conidia  average 
36  x  5.25  (31-40  x  4.5-5.5)/* 


RAMULARIA  (Unger)  Fries  (Fig.  1,  a  to  c) 
Unger,  F.,  Exantheme  der  Pflanzen,  page  169.     1833.     Fries,  E.  M., 
Summa   vegetabilium   Scandinaviae,  page  493.     1849. 
Cf .  WoUenweber,  H.  W.,  Phytopath.  3 :  33.     1913.    Wol- 
lenweber,  H.  W.,  Phytopath.  3:207-211.     1913. 

Differs  from  Fusarium  mainly  by  nearly  cylindrical, 
apedicellate  conidia,  with  rounded  apex;  plectenchymic 
stromata  flat  to  well-developed,  wartlike,  short 
column-like  structures  typically  present;  conidia  borne 
on  conidiophores  on  aerial  mycelium,  or  on  plecten- 
chymic substratum;   microconidia  (that  is,  a  distinct, 

FiQA9.—Ramvlaria  abbreviated  type  of  conidia)  absent. 
eudidyma.    a,  Co- 
nidia from  dUrial       1.  Ramuloria  evdidyma  Wr.     (Figs.  1b  and  49) 

SSSri^*^      WoUenweber,  H.  W.,  Phytopath.  3:221-222,  PI.  xxi, 

red  raspberry  cane   fig.  c.      1913. 
plug;  Bf   eporodo- 


chial  conidia  from 
IBS-days-M  cul- 
ture on  hard  lima- 
bean  agar;  c,  co- 
nidia from  anial 
mycelium  from  25- 


Syn.  Fueisporium  didymum  Hartig.     1846. 

Fusarium  didymum  (Hart.)  Lindau.     1909. 
Fusarium  didymum  (Hart.)  Ap.  et  Wr.     1910. 
Ramuloria  didyma  (Hart.)  Wr.     1913. 


Conidia  nearly  cyUndrical,  with  both  ends  rounded 
day«-oW  ^^'fjf^  or  basal  ends  sometimes  papillate,  mostly  1-septate, 
hardpotat^^  23x4.87   (21-26  X  4.7-5) m;"   0-  to   2-septate    conidia 


"  According  to  Wollenweber'e  data  (1913  c :  234)  the  averago  use  of  1-fleptat©  conidia  is  26.4  x  6  (21- 
29  X  4.26-6.6) M. 
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also  found,  3-septate  very .  rare;  chlamydospores  mostly  intercalary, 
8-11/*  in  diameter;  color  of  spore  mass,  from  white  to  yellowish;  color  of 
plectenchyma,  dense  brown. 

Hab.  On  deca3r]ng  tubers  of  Solanum  tuberosum  and  on  roots  of  Rvbua 
idcBuSj  also  in  soil,  Europe. 

The  organism  was  not  isolated  by  the  writer,  but  was  briefly  studied 
from  a  culture  received  through  the  courtesy  of  Dr.  Wollenweber. 

2.  Rarmdaria  Magnusiana  (Sacc.)  Lindau  (Figs.  Ic  and  50) 
Cf.  Wollenweber,  H.  W.,  Phytopath.  3:221,  234;  Pis.  xx,  figs,  p  to  h, 
and  XXI,  fig.  a.     1913. 
Conidia  of  the  same  type  as  those  of  R,  evdidymaj  also  mostly  1-septate, 


Pig.  50. —  Ramidaria  Magnusiana.  a,  Cofiidia  from  atrial  myceZtum,  b,  conidiophores , 
from  11 -days-old  culture  in  a  petri  dish  on  neutral  fiord  potato  agar;  c,  cfdamydospores,  d,  sporo- 
dochial  conidia,  from  61 -days-old  culture  on  red  rasphery  cane  plug;  e,  chlamydospores  from 
11 -days-old  culture  in  a  petri  dish  on  neutral  hard  potato  agar;  f,  conidia  from  arrial  mycelium 
from  Si-days-old  culture  on  slightly  acidified  hard  potato  agar;  g,  sporodochial  conidia  from 
ISS-days-old  culture  on  hard  lima-hean  agar  with  B  per  cent  glucose 

23.6x4.3  (18-27x3.5-5)/*;"  0- to  3-septate  conidia  also  occurring,  not 
numerous,  sometimes  catenulate;  plectenchyma  from  olive  to  coffee  brown. 
Much  like  R,  Candida  (Ehr.)  Wr.,  differing  from  it  by  old  rose  color  on 
rice  and  by  thinner  conidia  sometimes  borne  in  chains.  Q-septate  chlamy- 
dospores 10  X  11  (7-11  X  9-16)/*;  1-,  2-  and  pluri-septate  chlamydospores 
also  occurring. 

Hab.  Common  on  tubers  of  Solanum  tvberomm,  also  found  on  the 
leaves  of  TrientaJis  and  on  the  roots  of  Acer,  in  Europe  and  America. 

The  fungus  was  isolated  several  times  from  rotted  potato  tubers.  New 
York,  the  tubers  being  covered  with  from  a  few  to  many,  from  dark  brown 

MThe  ue  iB  after  Wollenweber  (1913  o: 234). 
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to  brick  red,  plectench3rmic  bodies,  from  2  to  3  millimeters  in  diameter  and 
from  1  to  4  millimeters  high,  often  bearing  characteristic,  almost  cylin- 
drical, usually  1-septate,  conidia. 

The  strains  isolated  by  the  'writer  differ  from  those  described  by  Wol- 
lenweber,  by  more  reddish  color  of  plectenchjrma,  by  somewhat  narrower 
conidia  and  larger  (?)«®  chlamydospores,  and  by  the  absence  of  persistent 
oonidial  chains. 

Measurements  of  conidia  of  strain  63  on  a  few  different  media  are  as 
follows: 

On  shghtly  acidified  hard  potato  agar,  culture  twenty-two  days  old; 

conidia  from  aerial  mycelium: 

Conidia:    0-septate,  rare 

1-fleptate,  95  per  cent,  26.5  x  4.1  (18-30  x  3.5-4.7)m 
2--septate,  5  per  cent,  about  the  same  size  as  1-septate 

On  red  raspberry  cane  plug,  culture  fifty-one  days  old;  conidia  from 
a  sporodochium: 

Conidia:    0-«eptate,  50  per  cent,  13x3  (8-28x2.6-4)/* 
1-septate,  50  per  cent,  27  x  3.9  (24-31  x  3^.3)/* 

On  hard  limarbean  agar,  culture  one  hundred  and  fifty-three  days  old; 
conidia  from  a  sporodochium: 

Conidia:    0-septate,  1  per  cent,  lo'x  3.4  (7.9-12.3  x  3-3.5)/* 
1-septate,  99  per  cent,  26  x  3.8  (20-32  x  3.5-4)/* 

Average  of  the  above  measurements: 
Conidia:    0-septate,  17  per  cent,  11.5x3.9/* 
1-septate,  81  per  cent,  26.5x3.9/* 
2-septate,  0  to  5  per  cent,  same  as  1-septate 

The  average  size  of  conidia  according  to  WoUenweber's  measurements  is: 
Conidia:    0-septate,  rare,  14  x  3.8/* 

1-septate,  100  per  cent,  23.6  x  4.3/* 
3-septate,  rare,  30x5/* 

It  is  possible  that  strain  63,  on  a  thorough  comparative  study  of  it 
with  R.  Magnusiana,  may  prove  to  be  a  distinct  variety;  but  it  is  evident 
that  the  resemblance  between  the  two  in  all  important  characters  is  close 
enough  to  warrant  its  being  placed  in  the  species  R.  Magnusiana, 

N  Wollenwober  does  not  give  the  sise  of  chlamydosporeB,  but  it  can  be  intorpreted  that  it  is  the  same 
as  for  R.  Candida  (Ehr.)  Wr.,  namely,  5-8/1  in  diameter.  Chlamydoeporos  of  the  strains  described  hero  on 
com  meal  agar  in  cultures  one  hundred  and  seventy-three  days  old  measured  10  z  11  (7-11  z  9-16)  |i- 
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3.  Ramulark  Solani  n.  sp.  (Figs.  1a  and  51) 

Conidia  from  nearly  cylindrical  to  slightly  curved,  with  both  ends 
rounded  or  with  basal  cell  slightly  papillate,  mostly  1~  and  2-septate; 
1-septate  measuring  29.5x6.5  (28-30x6.2-6.7)/*,  and  2-septate  meas- 
uring 32x6.4  (26-33.7x6.3-6.8)1*;  plectenchyma  flat,  usually  chocolate 
brown;  aerial  mycelium  from  2  to  4  millimeters  high,  from  medium  dense 
to  medium  loose,  from  chamois  to  deep  olive-buflf,  on  potato  agar  rich  in 
glucose,  often  with  a  chocolate-drab  tinge;  substratum,  on  the  same 
medium,  in  zones  of  from  sepia  to  tawny  olive,  and  in  old  cultures  to 
Saccardo's  amber;  conidia  in  mass  from  nearly  white  to  deep  olive-bufif; 
no  chlamydospores  observed. 

Hab.    On  rotted  tubers  of  Solanum  tuberosum,  New  York. 
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Fig.  51. —  Ramtdaria  Solcmi,  a,  Sporodoehial  conidia  from  li-dayB'M  euUure  on  oats; 
B  and  c,  conidiophores  from  Sj^^iays-old  culture  on  hard  lima-bean  agar;  d,  conidia  from  atrial 
mycdium  from  XS-days-oid  culture  on  dighUy  acidified  hard  potato  agar;  s,  conidia  from  aerial 
mycelium  from  S4-days-M  euUure  on  hard  lima^>ean  agar;  f,  sporodoehial  conidia  from  8- 
days-old  culture  on  hard  lima4>ean  agar;  g,  sporodoehial  conidia  from  55-days-old  red  rasp^ 
berry  cane  plug;  h,  sporodoehial  conidia  from  ST-days-old  flask  culture  on  hard  potato  agar 
with  i  per  cent  glucose 

Latin  description, — Conidiis  ferme  cylindricis  vel  parum  curvatis, 
utrisque  finibus  rotundatis  vel  cella  infima  parum  papillata,  plerumque 
l-2-«eptatis;  conidiis  1-septatis,  29.5x6.5  (28-30x6.2-6.7)/*,  vel  2-sep- 
tatis,  32x6.4  (26-33.7x6.3-6.8)/*;  plectenchymate  piano,  plerumque 
"chocolate  brown"  (R);  aerio  mycelio  2-4  mm.  alt.,  e  mediocriter  denso 
medioeriter  laxo,  e  "chamois"  (R)  "olive-buff"  (R),  saepe  in  agare  So- 
lani tuberoei  perglucoso  "chocolate-drab"  (R)  tincto;  substrato,  eodem  in 
agare,  e  "sepia"  (R)  "tawny  ohve "  (R)  in  zonis,  vel  in  culturis  maturis 
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"Saccardo's* amber"  (R);  conidiis  in  totum  e  ferme  albo  olivaceo-gilvis; 
nuUis  chlamydosporis. 

Hab.  In  tuberibus  putridis  Solani  tuberosi,  New  York,  Amer.  bor. 

Measurements  of  conidia  on,  different  media  are  as  follows: 

On  slightly  acidified  hard  potato  agar,  culture  twenty-five  days  old; 

conidia  from  a  sporodochium: 

Conidia:    Q-septate,  rare 

1-septate,  25  per  cent,  28-35  x  5.5-6.3/i 
2-septate,  45  per  cent,  26  x  6.3  (29-39  x  6.7)/* 
3-septate,  30  per  cent,  37  x  6.5  (30-41  x  6.3-7)/* 

On  red  raspberry  cane  plug,  culture  fifty-five  days  old;  conidia  from  a 
sporodochium: 

Conidia:  1-septate,  63  per  cent,  30  x  6.7  (20-34  x  5.5-7.4)/* 
2-septate,  37  per  cent,  33  x  6.8  (25-37  x  6.6-7.4)/* 

On  the  same  medium  as  above,  culture  one  hundred  and  thirty-six 

days  old;  conidia  from  a  sporodochium: 

Conidia:    ft-septate,  few,  19x5.4/*  (only  a  few  measured) 
1-septate,  30  per  cent,  28  x  6.2  (20-32  x  5.2-6.8)/* 
2-septate,  62  per  cent,  33  x  6.5  (28-40  x  6-7)/* 
3-septate,  8  per  cent,  35  x  6.5  (31-40  x  6-7)/* 

On  hard  lima-bean  agar,  culture  eight  days  old;  conidia  from  a  sporo- 
dochium: 

Conidia:  l^eptate,  44  per  cent,  30  x  6.3  (22-35  x  5.5-6.5)/* 
2-septate,  49  per  cent,  33.7  x  6.4  (29-39  x  6-6.6)/* 
3-septate,  7  per  cent,  36  x  6.5  (31-40  x  6-6.6)/* 

On  same  medium  and  from  same  sporodochium  as  above,  culture  thirty- 
four  days  old: 
Conidia:    0-septate,  rare 

1-septate,  46  per  cent,   30x6.2  (23-37x5.4-6.5)/* 
2-septate,  35  per  cent,  33.6  x  6.3  (24-39  x  5.8-6.5)/* 
3-fieptate,  19  per  cent,  36.9  x  6.5  (32-39  x  6.1-7)/* 
Average  of  the  above  measurements: 
Conidia:    0-septate,  rare,  19  x  5.4/* 

1-septate,  42  per  cent,  29.5  x  6.5/* 
2-septate,  45  per  cent,  32  x  6.4/* 
3-septate,  13  per  cent,  36  x  6.5/t 
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This  organism,  together  with  Fuaarium  udum  var.  Solanif  was  isolated 
by  the  writer  only  once,  from  a  planting  of  diseased  tissues  of  a  potato 
tuber  affected  with  a  superficial  dry  rot,  received  from  Xiong  Island, 
New  York. 

By  the  shape  and  size  of  its  conidia  it  very  closely  resembles  R.  macro- 
spora  Fres.  (see  WoUenweber  1913  c:  222-223,  235,  PL  xx,  a  and  b,  and 
PL  XXI,  e),  but  differs  mainly  by  the  absence  of  oval,  continuous  conidia 
on  aerial  mycelium,  and  by  the  absence  of  chlamydospores.** 
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cfid  not  produce  chlamydospores,  nevertheless  it  has  been  retained  in  this  genus  because  of  its  otherwise 
perfect  r«semblaniee  to  the  other  unquestionable  species  of  Ramularia. 
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EXPLANATION  OF  PLATES 

AH  the  plates  were  reproduoed  by  three-color  procen  from  living  cultures.  The  cultures 
were  in  all  cases,  unless  otherwise  specified,  forty  days  old  when  photographed,  and  were 
grown  at  labonitory  room  temperature  ranging  from  20°  to  25^  C. 

Cultures  of  Plates  I  to  IV  were,  ^th  a  few  specified  exceptions,  grown  on  hard  potato  agar 
with  10  per  cent  glucose,  and  were  kept  in  a  strong  diffuse  daylight  and  in  air  nearly  saturated 
with  moisture. 

Ail  cultures  of  Plates  V  to  VII  were  on  sterilized  potato  tuber  plugs  in  test  tubes  which 
wefe  kept  at  the  above  temperature  but  in  very  weak  diffuse  light. 

PLATE  I.  FUSARIA  OF  POTATOES 

Hg.  1.    Fusarium  Sohmi,  from  above 

Fig.  2.    F.  striatum,  from  above 

Figs.  3  and  4.    F.  Martii  var.  minus:    3,  on  acidified  medium  from  below;  4,  on  hard 

oat  agar  from  above 
Figs.  5  and  6.     F.  coeruleum,  from  above  and  below 
Figs.  7  and  8.     F.  oxysporum  var.  resupinatum,  from  above  and  below 
Figs.  9  and  10.     F.  lutulatum  var.  zonatum,  from  above  and  below 
Figs.  11  and  12.     F.  sclerotioides,  in  dark,  from  above  and  below 
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PLATE  I-FUSARIA  OF  POTATOES 


Digitized  by  VjOCvQIC 


Digitized  by  VjOOQ IC 


PLATE  II.    FUSARIA  OF  POTATOES 

Figg.  1  and  2.    Fusarium  sclerotioides  var.  brevius,  from  above  and    below;    1,  culture 

fifteen  days  old 
FigB.  3  and  4.     F.  redolens  var.  Solani,  from  above  and  below 
Figs.  5  and  6.     F.  lutulatum,  from  above  and  briow;  6,  culture  on  slightly  acidified  medium 

fifteen  days  old 
Figa.  7  and  8.     F.  arcuoeporum,  from  above  and  below 

Figsi  9  and  10.    F.  lucidum,  from  above  and  below;  fig.  9,  culture  fifteen  days  old,  in  dark 
Fig.  11.    F.  subulatum,  from  above;  hard  oat  agar 
Fig.  12.   F.  subulatum  var.  brevius,  from  below,  on  slightly  acidified  medium 
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PLATE  II-FUSARIA  OF  POTATOES 
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PLATE  m.    FUfiABIA  OF  POTATmS 

Fig.  1.  FOMriom  ■porotriehioldei,  from  above;  in  daris 

Fig.  2.  F.  bttHataiii  var.  roaeum,  from  abofe 

Figi.  3  and  4.  F.  arthroflporioidaB,  from  abofto  and  bebw;  in  dark 

FifL  6  and  6.   F.  aangaiaaum  var.  pallidium,  from  alwva  and  bdow 

Fi0k  7  and  8.   F.  aangoinaum,  from  abcnre  aiiA  bctow;  in  dark 

Flgi.  9  and  10.   F.  femigiiioaiim,  from  above  and  bebw 

Figi.  11  and  12.  F.  davatum,  from  above  and  below 
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PLATE  III -FUS ARIA  OF  POTATOES 
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PLATE  IV.    F08ARIA  OF  POTATOES 

Figs.  1  and  2.   Fusarium  culmorum  var.  leteiua,  from  above  and  below 

Fig.  3.    F.  subpallidum  var.  roseum,  from  above;  on  filightly  acidified  medium 

Fig.  4.    F.  discolor,  from  below 

Figs.  5  and  6.   F.  discolor  var.  triseptatum:  5,  from  above,  in  dark  on  neutral  medium; 

6,  from  above,  in  light  on  slightly  acidified  medium 
Fig.  7.    F.  caudatum  var.  Solani,  from  above,  neutral  medium 
Fig.  8.   F.  trichothecioides,  from  above 
Fig.  9.    F.  culmorum  from  above,  on  hard  oat  agar 
Fig.  10.    F.  culmorum  var.  leteius,  from  above,  on  hard  oat  agar 
Fig.  11.   F.  discolor  var.  sulphureum,  from  above 
Fig.  12,    F.  lucidum,  from  above,  slightly  acidified  medium,  fifteen  days  old 
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PLATE  IV-FUSARIA  OF  POTATOES 
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PLATE  V.    FUSARIA  OF  POTATOES 


F1^  1.   Fuflarimn  oclerotioides 

Fig.  2.    F.  redolens  var.  Solani 

Fig.  a    F.  lutulatum 

Fig.  4k    F.  hiiuiatum  var.  sonatum 

Fig.  5.    F.  oxysporum  var.  resupinatum 

Fig.  6.    F.  OKyqwrum 

Fig.  7.    F.  ojytpamm  var.  asclerotium 

F^  8.    F.  cuimorum 

Fig.  9.    F.  oulmonim  var.  leteius 

Fig.  10.    F.  discolor  var.  triseptatum 

Fig.  11.    F.  disoolor 

Fig.  12.    F.  subpallidam 
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PLATE  V-FUSARIA  OF  POTATOES 
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PLATE  VI.     FUSARIA  OF  POTATOES 


Fig.  1.    Fusarium  sanguineum 

Fig.  2.    F.  ferruginosum 

Fig.  3.    F.  caudatuiQ  var.  Solani 

Fig.  4.    F.  coeruleum 

Fig.  5.    F.  Martii  var.  viride 

Fig.  6.    F.  Martii  var.  minua 

Fig.  7.    F.  Solani 

Fig.  8.    F.  radicicola 

Fig.  9.    F.  anguioides  var.  caudatum 

Fig.  10.    F,  arcuosporum 

Fig.  11.    F.  anguioides 

Fig.  12.    F.  lucidum 
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PLATE  VI-FUSARIA  OF  POTATOES 
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HATE  Vn.    FDSARIA  OF  POTATOBB 


Fig.  1.  Fasarfiim  truneatum 

Fig.  2.   F.  clavatam 

Fig.  3.   F.  Bubulatum  -var.  bieviua 

Fig.  4.   F.  Bubulatum 

Fig.  5.   F.  metaeroum 

Fig.  6.   F.  efifusum 

Fig.  7.   F.  sanguineum  var.  paOidium 

Fig.  8.   F.  falcatum  var.  fiucum 

Fig.  9.   F.  arthrosporioides  var.  aqxirotriohias 

Fig.  10.   F.  bifonne 

Fig.  11.   F.  arthroaporioides 

Fig.  12.   F.  diveraisponim,  poeudopioxmotal  atage 
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SENILE  CHANGES  IN  LEAVES  OF  VITIS  VULPINA  L. 
AND  CERTAIN  OTHER  PLANTS  ^ 

Habris  M.  Benedict 

The  inevitable  onset  of  senile  deterioration  after  a  relatively  short  period 
of  activity  is  the  basic  tragedy  of  life.  And  yet,  in  comparison  with  the 
amount  of  research  that  has  been  directed  toward  the  discovery  of  the 
causes  of  living  activities,  very  little  has  been  done  to  determine  the  causes 
of  the  approach  of  senility.  Biologists  seem  to  have  tacitly  agreed  to 
find  out  what  causes  the  living  machine  to  run  before  they  seek  the  reasons 
why  it  stops.  This  attitude  has  been  further  encouraged  by  the  belief 
that  the  causes  of  senility  could  not  be  understood  until  the  laws  governing 
living  action  were  determined. 

The  work  that  has  been  done  is  naturally  of  two  kinds  —  attempts  to 
determine  what  changes  of  function  and  structure  are  characteristic  of 
the  increasing  age  of  an  organism,  and  the  promulgation  of  various  theories 
as  to  the  causes  of  senility.  So  much  of  the  work  on  senility  has  been 
carried  on  with  animal  organisms  that  this  field  in  plant  life  may  be  said 
to  be  unentered;  the  reasons  for  the  neglect  of  plants  in  this  respect  will 
be  dealt  with  later.  It  seems  advisable,  therefore,  as  the  only  available 
basis  for  approaching  this  problem  in  plants,  to  prepare  a  brief  summation 
of  the  results  of  the  investigations  on  senility  in  man  and  in  the  lower 
animals. 

SENILE  CHANGES  IN  ANIMAI^ 

The  chief  difficulty  in  the  search  for  the  changes  due  to  senility  is  the 
constant  presence  in  the  living  organism  of  modifications  of  tissue  and 
fimction  produced  by  unfavorable  conditions  other  than  age,  both  internal 
and  external.  Much  of  the  work  on  record  has  been  marred  by  inadequate 
appreciation  of  this  fact.  Furthermore,  the  older  the  organism  becomes, 
the  greater  is  the  probability  that  effects  of  these  other  adverse  influences 
will  be  present.  It  follows,  therefore,  that  the  condition  of  extreme 
senility,  which  has  been  commonly  studied,  is  actually  the  most  difficult 
stage  to  investigate  for  changes  due  to  age  alone.    Those  theories  of 

1  Laboratory  of  Plant  Physiology.  Cornell  University.    Contribution  No.  15. 
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senility  that  are  more  or  less  fanciful  have  been  based  on  conditions  found 
in  extremely  senile  animals. 

It  is  now  generally  recognized  that  the  forces  causing  senility  and 
natural  death  are  not  dormant  in  early  life  and  later  roused  to  action, 
but  instead  are  at  work  from  the  time  when  embryonic  development 
begins  until  death  occurs,  and,  in  fact,  as  Minot  (1908)  ^  has  so  efficiently 
emphasized,  are  most  active  at  the  beginning.  Therefore,  in  view  of  the 
difficulty  involved  in  the  investigation  of  extremely  senile  tissue  and  of 
the  constant  presence  of  senile  changes  throughout  Ufe,  the  importance  of 
comparison  between  younger  stages  is  manifest;  and  in  the  accompanying 
summary  of  the  results  of  investigations,  first  rank  is  given  to  those  char- 
acteristics that  can  be  shown  to  undergo  continuous  change  from  the 
beginning.  The  results  of  the  various  essential  researches  into  senility 
in  animals  are  here  classified  under  three  headings:  (1)  Senile  changes 
in  physiological  activities;  (2)  Senile  changes  in  the  structure  of  animal 
organs;  (3)  Senile  changes  in  the  structure  of  animal  cells.  It  is  evident 
that  in  this  classification  there  will  be  some  overlapping,  but  its  advan- 
tages in  permitting  a  concise  and  clear-cut  arrangement  of  the  various 
results  of  different  investigators  outweigh  this  defect. 

This  very  condensed  summary  of  the  results  of  investigations  on  animal 
senility  gives  at  least  a  conception  of  the  difficulties  involved.  Evidently, 
however,  a  start  has  been  made  in  the  various  avenues  of  approach  to  the 
problem. 

SENILE   CHANGES  IN  PHYSIOLOGICAL  ACTTVITIBS 

Deterioration  evident  from  the  beginning 
Decrease  in  rate  of  growth. —  The  most  obvious  characteristic  of  senility 
is  a  decrease  in  rate  of  growth.  The  rate  of  decrease  found  in  animals 
thus  far  investigated  may  be  illustrated  by  figures  obtained  from  the 
study  of  human  development.  Hertwig  (1906)  estimates  that  the  human 
ovum  has  a  volume  of  0.004  cubic  millimeter,  while  the  size  of  the  child 
at  birth  is  4,000,000  cubic  milUmeters  —  an  increase  of  100,000,000,000 
per  cent  in  nine  months.  According  to  Minot  (1908)  the  gain  in  weight 
during  the  same  period  is  500,000,000  per  cent.  It  is  evident  that  the 
rate  of  growth  of  the  embryo  is  extraordinary.  Mlihlmann  (1900  and 
1901)  states  that  the  rate  of  growth  of  the  embryo  is  greater  during  the 

*  Dates  in  parentbesia  refer  to  bibliography,  page  363. 
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first  month  than  the  second,  indicating  that  a  decrease  in  the  rapidity 
of  growth  sets  in  even  before  birth. 

Data  are  abundant  regarding  the  yearly  percentage  of  gain  in  weight 
made  by  children.  The  average  increase  in  weight  during  the  first  year, 
relative  to  the  weight  at  birth,  shows  a  percentage  of  increase  of  200; 
that  of  the  second  year  only  from  22  to  30;  that  of  the  third  year  from 
14  to  20.  From  the  fourth  year  to  the  twenty-fifth  the  rate  of  increase 
is  subject  to  irregular  variations,  mostly  downward.  From  the  twenty- 
fifth  year  to  the  fiftieth  there  is  little  or  no  change  in  weight,  on  the  average. 
After  fifty  years,  as  a  rule,  there  is  a  loss  in  weight.  Detailed  tables, 
with  graphs  showing  the  steady  decrease  in  rate  of  growth  with  increasing 
age,  can  be  found  in  Donaldson's  papers  (1895,  1906,  and  1908);  while 
Minot  gives  carefully  selected  data  from  various  sources,  to  which  he  has 
added  graphic  illustrations. 

It  is  evident  that  the  rate  of  growth  in  animals  thus  far  investigated 
declines  from  the  very  beginning  of  individual  life,  and  that  this  is  a 
manifestation  of  inherent  forces  which  tend  to  slow  vital  activities. 

Decrease  in  rate  of  respiration. —  The  rate  of  respiration  in  mammalian 
animals  can  be  investigated  only  in  the  years  after  birth.  There  is  then 
evident  a  gradual  decrease  of  the  same  general  type  as  that  found  for 
growth.  In  the  last  stage  of  life  a  slight  increase  occurs,  similar  to  that 
shown  in  the  heartbeat  and  explained  under  that  topic. 

Decrease  in  rapidity  of  heartbeat. —  The  following  figures  are  taken 

from  a  compilation  by  W.  T.  Porter,  quoted  in  Minot's  book,  and  refer 

to  man:  ,,      , 

Mean  frequency 

of  heartbeat 

Age  per  minute 

Fetus 140 

Ist  month 134 

5th  year 103 

10th  year 91 

15th  year 82 

20th  year 74 

25th  year 72 

55th  year 72 

65th  year 73 

80th  year ,' 79 
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A  curve  graphically  representing  the  change  in  pulse  rate  has  been  plotted 
and  is  shown  in  figure  52.  Here  again  there  is  seen  a  more  rapid  decrease 
in  early  life  than  later.  It  is  evident  that  the  rates  of  growth,  of  res- 
piration, and  of  heartbeat  are  but  the  most  obvious  indicators  of  the 
degree  of  metabolic  activity  of  the  animal  protoplasm. 

The  increase  in  rate  of  respiration  and  of  heartbeat  that  occurs  in  the 
last  years  of  life  is  an  example  of  a  struggle  between  the  depressing  force 
of  senility  and  the  accelerating  stimuli  exerted  on  the  lungs  and  the  heart 
by  the  other  organs  of  the  body.  The  organs  composing  the  body  of  an 
animal  are  so  interrelated  that  a  need  in  one  produces  a  stimulus  to  action 
in  any  organ  which  can  satisfy  that  need.    In  the  last  years  of  life  the 

organs  supplied  with  oxygen  and 
reUeved  of  harmful  waste  products 
by  the  failing  lungs  and  heart, 
reach  such  a  condition  that  the  re- 
sulting stimuli  become  so  powerful 
..,,^_,_.._.,,,,,,^^^^  as  to  more  than  neutralize  for  a 
60 1  time  the  effects  of  senility  in  slow- 

ing the  beat. 
*°  This  power  of  one  part  of  the 

20  body  to  stimulate  another  organ 

leads  to  many  cases  of  apparent 


140 

lao 

100 
•    80 


■    -  I  iim       I        suDDression  of  the  effects  of  senil- 
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A«e  in  yeam  ity,  especially  in  the  stages  of  youth 

FiQ.  62. — Curve   of  senile  decrease  in  rate  of    and  maturity  of  the  animal  body. 
heartbeat  of  man  Contrary  to  the  usual  custom,  these 

have  been  placed  in  a  group  by  themselves  as  those  evidences  of  senility 
that  become  visible  only  at  some  stage  later  than  that  of  youth.  These 
activities  are  spurred  on  by  the  stimuli  resulting  from  their  interaction 
with  the  other  activities  of  the  body.  For  example,  the  increase  of  mus- 
cular strength  and  coordination  due  to  the  interaction  of  the  muscular  and 
nervous  systems,  which  characterizes  the  first  third  of  human  life,  is 
made  possible. 

Deterioration  appearing  later  in  life 
The  first  four  types  of  deterioration  given  as  appearing  later  in  life 
deal  with  activities  in  contact  with  the  external  world,  and  are  therefore 
the  most  obvious. 
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DeUrioration  in  rapidity  and  coordination  of  movemerU, —  According  to 
Muhlihann  (1901)  the  musculature  of  man  ceases  to  grow  at  about  the  age 
of  thirty-six,  but  the  experience  of  highly  trained  athletes  indicates  a 
considerably  earlier  appearance  of  decrease  in  muscular  power  and  co- 
ordination. 

Deterioration  in  (he  powers  of  special  sense. —  The  tendency  toward 
deafness  and  failing  sight  are  common  manifestations  of  deterioration  in 
the  powers  of  special  sense. 

Deterioration  in  efficiency  of  excretion, —  While  the  belief  that  deterio- 
ration in  efficiency  of  excretion  is  always  present  is  based  partly  on 
theoretical  considerations  rather  than  on  extensive  tests,  there  can  be 
little  doubt  of  its  truth.  In  dealing  with  the  various  theories  of  senility 
this  function  will  be  again  referred  to. 

Deterioration  in  reproductive  power, —  Decreased  reproductive  power  is 
more  marked  in  the  female  than  in  the  male. 

Deterioration  in  all  the  internal  activities  characteristic  of  living  animals. — 
There  can  be  little  question  of  the  presence  of  a  general  deterioration  in 
internal  activities  of  animals,  even  in  the  central  nervous  system,  but 
exact  investigations  are  wanting. 

8BNILE  changbb  in  thb  btbuctube  of  animal  organs 

The  changes  discussed  below  seem  to  be  of  a  type  not  appearing  in 
early  life. 

Decrease  in  the  size  of  all  organs,  due  to  atrophy  of  the  ceUs  and  of  the 
intercellular  substance. —  Douaud  (1867),  Kolliker  (1897),  and  others  since 
their  times,  have  investigated  the  senile  atrophy  in  muscles.  Metchnikoff 
(1908)  presents  further  studies  in  which  he  claims  that  the  destruction 
of  the  contractile  power  is  produced  by  a  special  kind  of  phagocyte. 
Senile  atrophy  of  the  brain  has  been  investigated  in  man  and  in  bees  by 
Hodge  (1895),  who  found  that  the  decrease  in  size  was  largely  due  to  actual 
death  and  disappearance  of  cells,  as  well  as  to  shrinkage  of  the  living 
cells.  In  all  cases  when  the  organs  of  animals  in  the  condition  of  extreme 
senility  have  been  studied,  the  appearance  of  loss  and  degeneration  of 
cells  is  presented.  The  ductless  glands  —  the  thyroid,  for  example  — 
show  this  degeneration  and  have  been  utilized  by  Lorand  in  the  formu- 
lation of  a  theory  of  senility. 
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Hardening  and  tkickening  of  the  lining  of  vessels,  lungs,  and  digestive 
system,  and  hardening  of  cartilage, —  Arterial  sclerosis  has  long  been  asso- 
ciated with  senility,  even  to  the  extent  of  being  considered  a  cause 
(Demange,  1886).  The  hardening  and  thickening  of  all  lining  membranes 
is  believed  to  accompany  old  age,  but  the  experiments  have  been  too  few 
to  decide  the  matter.  There  seems  little  question,  however,  but  that 
such  absorbing  and  excreting  surfaces  become  more  rigid  with  age,  and 
probably  less  efficient.  The  hardening  of  the  cartilages,  with  consequent 
decrease  in  the  flexibility  of  the  joints  and  the  forward  curving  of  the 
spine,  is  universal  in  man. 

Increasing  weakness  and  brittleness  of  bone. —  While  other  tissues  are 
gaining  an  undue  amount  of  calcareous  material,  the  strengthening  lamellsB 
of  the  interior  parts  of  the  bone  are  disappearing  and  in  consequence 
the  bone  becomes  weaker.  The  remainder  of  the  bone  increases  in  its 
calcareous  content  and  decreases  in  its  living  substance,  thus  becoming 
more  brittle  as  well  as  weaker. 

Tendency  of  connective  tissue  to  encroach  on  the  higher  tissues. —  The 
increasing  tendency  in  old  age  for  injured  cells  of  nerves,  muscles,  or 
other  highly  specialized  tissues  to  be  replaced  by  connective  tissue,  which 
is  the  least  highly  speciaUzed  tissue,  has  been  explained  in  a  number 
of  ways.  The  generally  accepted  view  is  that  given  by  Hertwig  (1906). 
He  pictures  a  single-celled  organism  as  carrying  on  the  functions  necessary 
to  itself  alone,  and  thus  being  acted  on  only  by  cytological  laws.  The 
cell  in  a  multicellular  organism,  on  the  other  hand,  is  subject  to  both 
the  cytological  laws  required  for  its  own  nourishment  and  to  the  organo- 
typical  laws  governing  those  of  its  activities  that  nerve  the  whole  organism 
of  which  it  is  a  part.  Hertwig  believes  that  the  higher  the  differentiation 
of  a  tissue,  the  more  complete  is  its  obedience  to  the  organotypical  laws. 
As  age  increases,  the  organotypical  laws  weaken,  and  the  lowest  tissue, 
which  is  least  subject  to  them,  is  the  first  to  throw  off  the  yoke  and 
attack  the  surrounding  organs.  This  view  is  interesting,  but  purely 
theoretical. 

While  the  discussion  of  these  four  classes  of  change  in  organs  seems 
a  very  inadequate  treatment  of  the  efifect  of  senility  on  animal  organs, 
it  is  not  an  unfair  expression  of  the  present  state  of  knowledge  of  these 
changes.  Other  changes  have  been  mentioned,  but  there  is  even  less 
evidence  for  them  than  for  those  here  given. 
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senile  changes  in  the  structure  of  animal  cells 
All  the  preceding  changes  must  of  course  be  merely  magnified  out- 
growths of  changes  occurring  in  the  cell.     Considering  the  investigations 
made  as  to  the  effect  of  senility  on  the  cell  itself,  it  may  be  seen  that  very 
little  has  been  done  toward  an  actual  understanding  of  this  problem. 

Changes  evident  from  the  beginning 

Decrease  in  size  of  nucleus. —  Hodge  (1895)  found  the  nuclei  of  the 
spinal  gangha  to  be  smaller  in  the  senile  than  in  the  young  condition. 
Hertwig  (1904  and  1906),  however,  regards  the  extreme  size  of  the  nucleus 
characteristic  of  certain  protozoan  stages  and  of  the  animal  ovum  as 
evidence  of  dormancy  rather  than  of  rejuvenescence.  Minot  gives  the 
interesting  evidence  that  while  investigators  of  the  embryonic  develop- 
ment of  animal  eggs  make  no  statement  regarding  the  fact,  their  drawings 
invariably  show  a  rapid  decrease  in  the  size  of  the  nucleus. 

Increase  of  cytoplasm  in  amount  and  in  differentiation. —  That  cyto- 
plasm increases  in  amount  and  in  differentiation  was  first  emphasized  by 
Minot  (1891),  who  considers  the  fact  of  prime  importance.  Eycleshymer 
(1904)  gives  the  following  data  regarding  the  proportion  of  cytoplasm  to 
nucleus  at  different  ages  of  Necturus  muscle: 


Length  of  body 

8  mm. 

17  mm. 

26  mm. 

Adult,  230  mm. 

Pit)portion    of     cyto- 
plasm to  nucleus.. . . 

2,737-1 

4,318^1 

8,473-1 

23,379-1 

The  great  change  in  the  structure  of  the  cytoplasm  by  which  the  highly 
specialized  cells  are  developed  from  the  undifferentiated  cells  or  the  morula 
stage,  is  evident. 

Changes  appearing  later 

Nucleus  irregular  in  f&rm,  and  staining  like  cytoplasm. —  Irregularity 
in  form  of  the  senile  nucleus,  and  its  staining  like  cytoplasm,  was  observed 
by  Hodge  (1895)  in  the  spinal  ganglia  of  man. 

Local  degenerations  in  cytoplasm. —  Cytoplasm  with  many  local  degenera- 
tions, indicating  that  portions  were  undergoing  various  forms  of  degenera- 
tion, is  described   for  ganglion  cells  by  Hodge   (1895).    Various  forms 


Digitized  by  VjOOQ IC  ^ 


286  Harris  M.  Benedict 

of  fatty  degeneration  are  found  in  senility  in  cartilage  and  in  other  body 
cells,  indicating  loss  of  power  of  assimilation  or  inefficient  katabolism. 

Accumulation  of  pigment  in  the  cytoplasm. —  Hodge  (1895)  found  a  dif- 
ference in  accumulation  of  pigment  in  the  cytoplasm  between  young  and 
old  cells  of  the  spinal  ganglion  of  man.  It  has  been  stated  that  pig- 
ments are  excretory  masses  and  that  they  increase  with  age. 

Deterioration  of  nucleolus, —  The  nucleolus  diminishes  in  mass  and  in 
staining  power.  It  was  Hodge  also  who  ISrst  pointed  out  this  fact.  Hert- 
wig  (1904)  emphasized  the  relation  between  size  of  nucleolus  and  cell 
activity. 

INVESTIGATIONS  ON  SENILITY  IN  PLANTS:  GENERAL 

REVIEW  OF  LITERATURE 

A  review  of  the  changes  that  have  been  discovered  in  perennial  plants 
as  a  result  of  senility  shows  that  no  investigations  comparable  to  the  ones 
above  cited  have  been  made.  Such  statements  as  are  commonly  found 
regarding  the  effect  of  age  are  based  on  casual  observations  rather  than  on 
investigations.  The  reason  for  this  seems  to  be  the  tacitly  accepted  belief 
that,  since  new  leaves  and  twigs  and  roots  are  constantly  being  formed  from 
persisting  embryonic  cells,  senility  as  present  in  animals  is  out  of  the 
question,  and  the  term  as  used  for  plants  means  merely  that  conditions 
have  become  so  unfavorable  that  the  growing  parts  are  killed. 

This  view  has  been  further  encouraged  by  the  very  great  age  attained 
by  certain  trees,  as,  for  example,  the  sequoias,  the  cypresses  of  Mexico, 
and  the  baobab  of  Cape  Verde  —  the  last  named  estimated  by  Adanson 
to  be  over  IBive  thousand  years  old.  Therefore,  the  idea  that  trees  have  the 
potential  power  to  live  forever  if  the  conditions  due  to  their  increasing 
siae  —  injury  from  winds,  greater  distance  from  the  soil,  and  other  harm- 
ful effects  —  could  be  prevented,  is  not  so  much  formally  accepted  as 
passively  assumed. 

Such  statements  as  have  been  published  are  almost  entirely  from  the 
pens  of  fruit  growers.  Among  the  first  of  which  the  writer  has  found 
record  are  the  papers  by  Thomas  Andrew  Knight,  the  justly  famous 
English  horticulturist,  to  which  reference  will  be  made  later.  Zom  (1890), 
nearly  one  hundred  years  later,  gives  about  the  same  list  of  effects  of  age, 
and  his  list  in  its  conclusion  does  not  fall  far  short  of  present  knowledge. 
He  says  that  in  old  age  fruit  trees  bear  less,  are  later  in  maturing  their 
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fruit,  and  are  more  likely  to  be  attacked  by  scale  and  disease.  He  states 
further,  regarding  pear  trees,  that  the  epidermis  is  likely  to  blister,  that 
the  trees  are  less  able  to  withstand  cold,  and  that  the  fruit  is  small, 
deformed,  unpalatable,  and  with  more  hard  flecks  in  the  flesh. 

The  botanist  and  the  horticulturist  of  to-day  add  nothing  to  Zom's 
list.  The  question  whether  true  senility  occurs  in  perennial  plants, 
therefore,  is  still  an  open  one.  The  changes  spoken  of  by  Zom  and  by 
more  recent  writers  may  be  effects  of  disease  of  external  origin  or  the  result 
of  increase  in  sijse  of  the  tree,  not  real  results  of  senility.  De  Candolle 
(1876)  investigated  the  question  whether  the  time  of  leafing  was  related 
to  the  age  of  the  tree,  and  decided  that  the  age  was  negligible  compared 
to  the  climatic  conditions.  His  results  in  this  one  particular  seem  to  have 
been  much  more  widely  applied  than  he  probably  intended. 

IMPORTANCE  AND  SIGNIFICANCE  OF  THE  PROBLEM 

The  importance  of  determining  whether  there  is  any  real  senile  change 
in  plants  lies  not  alone  in  the  scientific  need  for  such  knowledge,  but  also 
in  its  direct  bearing  on  the  long-disputed  question  regarding  the  effect 
of  continuous  vegetative  propagation  of  seed-producing  plants.  For  if 
the  new  growth  from  which  cuttings  are  made  has  not  been  affected  by 
the  time  that  has  elapsed  since  the  plant  came  from  the  seed,  then  its 
tissue  is  no  more  senile  than  seedling  tissue;  if,  however,  the  meristematic 
tissue,  which  has  been  so  actively  growing  and  dividing  since  it  originated 
in  the  embryo  sac  of  the  parent  plant,  has  itself  suffered  the  senile  deteriora- 
tion that  accompanies  activity  in  animal  cells,  then  the  tissues  arising 
from  this  meristematic  tissue  must  partake  of  its  senility. 

The  processes  of  division  and  growth  require  considerable  expenditure 
of  energy;  therefore,  if  the  plant  cell  is  not  entirely  immune  to  senile 
deterioration,  the  meristematic  as  well  as  the  specialized  tissues  should 
undergo  such  change.  In  fact,  in  the  ontogeny  of  the  animal,  senile 
deterioration  is  most  rapid  at  the  time  when  specialization  is  least,  when 
the  only  activities  of  the  cells  are  division  and  growth.  There  is  no 
inherent  reason,  therefore,  why  meristematic  and  cambial  cells  should  be 
put  in  a  different  class  from  that  of  specialized  cells  as  regards  the  pos- 
sibility of  senile  degeneration. 

It  may  be  true  —  no  exact  comparisons  as  to  this  point  are  on  record  — 
that  the  meristematic  cells  have  a  greater  proportion  of  nucleus  to  cyto- 
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plasm  than  have  the  specialized  cells  which  develop  from  them,  and  thus, 
according  to  the  views  of  Minot  and  Hertwig,  the  former  would  be  poten- 
tially younger;  but  that  is  not  the  point  at  issue.  The  real  issue  is,  pro- 
vided always  that  the  evidences  of  senile  deterioration  found  in  animal 
cells  may  serve  as  a  guide  to  senility  in  plant  cells,  whether  the  meris- 
tematic  cells  of  the  older  perennial  differ  from  those  of  the  seedling  in  this 
or  in  other  respects. 

It  may  be  advisable  to  again  refer  at  this  point  to  an  argument  which 
possibly  has  had  some  weight;  namely,  that  the  very  great  age  attained 
by  certain  trees  is  an  indication  that  they  must  be  immune  from  senility 
as  ihis  is  known  in  animals.  Some  of  these  trees  have  Uved  for  five 
thousand  years,  or  many  times  the  age  to  which  man  has  attained.  This 
argument  can  be  applied  to  the  human  being  with  most  interesting  and 
reassuring  results.  The  rotifer  Pleurotricha  haffkini,  studied  by  Metch- 
nikofif  (1908),  has  a  total  span  of  life  of  three  days.  Applying  the 
above  argument,  a  child  who  reaches  the  age  of  three  months,  having 
existed  forty  times  as  long  as  another  organism,  may  be  assumed  to  be 
immune  from  the  stem  decree  of  senile  laws.  The  elephant  lives  one 
hundred  thousand  times  as  long  as  the  rotifer;  and  in  general  the  extra- 
ordinary differences  in  duration  of  life  found  in  animals  in  which  undoubted 
senility  occurs,  robs  the  fact  that  plants  in  general  are  possibly  longer-Uved 
than  animals  of  any  significance  as  regards  senility. 

INVESTIGATIONS  ON  SENILE  CHANGES  IN  LEAVES  OF  VITIS  VULPINA  L. 
AND  CERTAIN  OTHER  PLANTS 

PLAN  OP  INVESTIGATION 

It  would  seem  that  the  logical  method  of  attacking  the  problem  is  by 
a  careful  comparision  of  the  same  organ  in  young  and  old  plants  of  the 
same  genus  for  evidences  of  senile  deterioration  in  structure  or  function. 
It  was  considered  desirable  to  choose  a  plant  that  was  marked  by  extreme 
vigor  in  putting  forth  new  growth  each  year,  in  order  to  minimize  as 
much  as  possible  the  chance  of  the  presence  of  unfavorable  conditions 
other  than  age.  The  wild  grape,  Vitis  vtilpina  L.,  answered  this  require- 
ment. Any  one  who  has  noticed  the  long  shoots  and  luxuriant  foliage 
produced  by  this  vine  each  spring  must  feel  that  the  conditions  for  its 
nutrition  and  general  health  are  good,  and  that  the  harmful  results  usually 
ascribed  to  the  increasing  size  of  a  plant  are  not  in  this  case  serious. 
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For  several  reasons  the  organ  selected  was  the  leaf,  not  the  meristematic 
tissue  itself.  In  the  first  place,  not  only  must  the  presence  of  any  change 
in  the  meristematic  cells  effect  changes  in  the  specialized  cells  produced 
from  them,  but  the  effects  must  be  more  evident  than  the  conditions 
that  produced  them,  for  the  same  reason  as  that  accounting  for  the  fact 
that  any  internal  differences  between  two  seeds  will  be  displayed  much 
more  plainly  in  the  plants  that  are  produced  from  them  than  in  the  seeds 
themselves.  Thus,  changes  too  minute  to  be  perceived  in  the  meristematic 
cells  might  produce  .very  obvious  differences  in  the  mature  leaf.  In  the 
second  place,  the  leaves  are  renewed  each  year,  and  therefore,  according 
to  the  commonly  accepted  conception,  should  be  entirely  immune  from 
any  sign  of  age;  or,  to  express  this  in  another  way,  any  sign  of  senility 
found  would  be  of  exceptional  importance  in  its  bearing  on  the  problem. 
In  the  third  place,  the  leaf  is  more  accessible  than  other  organs. 

The  many  careful  researches  that  are  on  record  regarding  the  effect 
of  all  factors  excepting  age  on  the  structure  and  functions  of  the  leaf 
seemed  to  justify  the  opinion  that  if  any  differences  were  found  it  would 
be  possible  to  decide  whether  they  were  due  to  one  of  these  factors  or 
whether  they  must  be  referred  to  age. 

Leaves  from  young  and  old  vines  of  Vitis  vulpina  were  collected  and 
were  subjected  to  a  preliminary  examination  by  means  of  a  hand  lens. 
The  most  striking  difference  apparent  was  observed  in  the  venation.  On 
holding  the  leaf  blades  to  the  light,  the  meshes  formed  by  the  most  minute 
veinlets  appeared  larger  in  the  leaves  of  young  vines  than  in  those  of 
old  ones.  A  difference  so  marked  that  it  could  be  discerned  with  a  hand 
lens  would  be  capable  of  utilization  in  the  field  and  of  practical  appli- 
cation in  orchard  and  nursery.  Therefore  an  investigation  was  begun 
of  the  size  of  the  meshes  in  leaves  of  vines  of  different  ages. 

CoUectian  and  preparation  of  material 
In  order  that  the  effects  of  differences  in  exposure  to  light  and  wind 
and  of  differences  in  nutrition  might  be  reduced  as  much  as  possible, 
the  country  in  the  vicinity  of  Ithaca,  New  York,  and  of  Cincinnati,  Ohio, 
was  searched  for  vines  of  different  ages  growing  near  one  another  under 
the  greatest  possible  similarity  of  external  conditions.  It  proved  to  be 
more  difficult  than  was  expected  to  find  such  paired  vines,  but  at  last 
about  twenty  pairs  were  found. 
19 


Digitized  by  VjOOQ IC 


290 


Harris  M.  Benedict 


These  vines  were  numbered,  and  their  relative  ages  were  obtained  by 
sawing  out  a  thin  slice  from  one  side  at  the  base  of  the  stem.  For  com- 
parative purposes  ten  leaves  were  collected  from  each  vine,  as  well  as 
cuttings  and  material  for  permanent  mounts.  Care  was  taken  in  selecting 
the  leaves  to  get  only  fully  matured,  healthy,  normal  specimens.  Since 
conditions  of  humidity  and  temperature  are  different  at  different  levels 
above  the  ground,  the  leaves  were  taken  from  the  lower  parts  of  the 
vines,  not  above  eight  feet  from  the  ground.  The  effect  of  light  exposure 
haa  been  shown  by  Schuster  (1908)  to  be  a  delSnite  one,  and  care  was 

taken  that  all  selected  leaves  were  such 
as  had  full  exposure  to  the  sky,  of  the 
same  character  for  each  of  the  paired 
vines. 

The  collected  leaves  were  taken  im- 
mediately to  the  laboratory,  measured 
as  to  length,  breadth,  and  area,  and 
weighed.  The  venation  was  then  photo- 
graphed in  the  following  way:  A  heavy 
black  paper  was  pasted  to  a  clean  glass 
plate,  four  by  J5ve  inches  in  size.  Ten 
openings,  approximately  four  by  ten 
millimeters  in  size,  were  then   cut  in 

Fio.  58.-Part  ofihe  leaf  removed  f^  photo-  ^^  ^^^""^  P^P^^"      ^^^^  *^^  »^^  P^ 

graphing  of  each  leaf  (Fig.  53)   pieces  a  Uttle 

larger  than  the  openings  were  cut,  and 
these  were  laid  over  the  openings,  so  that  each  of  the  ten  leaves  was 
represented.  A  clear  glass  plate  was  then  laid  over  all,  and  the  whole 
was  bound  together  by  elastic  bands,  placed  in  the  negative  holder 
of  an  enlarging  camera,  and  photographed  at  an  enlargement  of  three 
diameters.  Negatives  showing  the. veinlets  clearly  were  obtained  after 
some,  practice,  and  from.the^er  negatives  velox  prints  were  made. 

.  The  appearance  of  a  leaf,  viewed  by  transmitted  light,  is  as  a  vast 
amnbei:  of  aggregations  of  photosynthetically  active  cells,  occupying  the 
meshes  of  the  network  of  veinlets.  The  size  of  these  aggregations  seems 
to  the  writer  to  be.,  of  more  direct  physiological  significance  than  the 
arbitrary  standard  introduced  by  Zalenski  —  the  pombined  length  of 
the    veins   in    one   square   millimeter   of  joaf  surface  —  and    therefore 
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determinations    of    the    area    of   the  cell   aggregates   have  here   been 
employed. 

The  average  size  of  these  aggregates,  which  will  hereafter  be  called 
vein  islets,  was  determined  by  dividing  the  area  of  each  of  the  openings 
in  the  paper  by  the  number  of  vein  islets  that  filled  it  in  the  photograph. 
The  counting  was  done  under  a  lens,  and  a  sharp  needle  was  used  to 
prick  each  vein  islet  as  it  was  counted  on  the  photograph. 

influence  of  certain  factors  on  venation 
While  the  literature  on  the  venation  of  leaves  is  very  extensive,  most 
of  it  is  concerned  with  the  development,  structure,  and  function  of  the 
large  veins  —  the  midrib  and  its  main  branches.  Only  one  phase  of 
these  investigations  is  directly  important  to  the  present  problem,  and 
that  is  the  result  of  the  controversy  over  the  question  wheUier  the  veins 
follow  a  course  in  the  leaf  entirely  predetermined  by  heredity,  or  whether 
external  conditions  while  the  leaf  is  expanding  can  exert  an  influence. 
The  paleontological  botanists,  as  represented  by  von  Buch  (1852), 
went  so  far  as.  to  say  that,  no  matter  how  much  the  leaf  might  expand, 
no  more  nerves  could  arise  than  those  present  in  the  leaf  while  in  the  bud. 
The  attack  on  this  idea  began  with  the  discovery  by  von  Nageli  (1855)  that 
in  the  leaves  of  Aralia  apinom  the  nervature  was  not  completely  performed 
in  the  bud  but  arose  in  part  later.  Prantl  (1883)  showed  that  in  many 
dicotyledons,  during  the  expanding  of  the  leaf,  the  development  of  new 
nerves  took  place  in  the  direction  pf  the  greatest  expansion.  Deinega 
(1898),  with  further  evidence  obtained  from  the  study  of  both  monocoty- 
ledons and  dicotyledons,  established  the  fact  that  the  nervature  of  the 
leaf  is  not  performed  in  the  bud  to  any  great  degree. 

It  still  remained  to  be  proved,  however,  that  external  conditions  exert 
an  undoubted  effect  on  the  nervature  as  it  is  laid  down  in  the  expanding 
leaf.  While  a  long  list  of  investigators  have  determined  the  effect  of  light 
and  shade,  dryness  and  moisture,  on  various  structures  of  the  leaf,  practi- 
cally no  studies  had  been  made  regarding  the  effects  of  these  external 
factors  on  venation  until  the  work  of  Schuster  (1908).  It  is  true  that  a 
paper  by  von  Zalenski  (1902)  was  published,  in  which  it  was  shown  that  in 
plants  of  the  same  genus  a  species  inhabiting  a  dry  location  has  a  greater 
development  of  the  finest  nerves  than  another  species  inhabiting  a  wet 
location.     Von  Zalenski  found  that  Trifolium  lupiruider,  which  lives  in  a 
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dry  situation,  has  a  combined  length  of  veins  to  the  square  millimeter  of 
leaf  blade  of  1065  millimeters;  while  Trifolium  medium,  a  moisture- 
loving  plant,  has  a  length  of  veins  of  but  460  millimeters.  This,  however, 
does  not  eliminate  the  effects  of  heredity.  Schuster's  investigation,  on 
the  other  hand,  was  a  detailed  study  of  the  effect  of  definite  environ- 
mental factors  on  the  same  species.  His  results  will  be  referred  to 
frequently  in  the  course  of  this  paper. 

The  study  of  the  arrangement  of  the  finest  veins  of  the  leaf  has  the 
advantage  that  these  veins  are  directly  in  contact  with  the  active  cells 
of  the  leaf,  and  must  therefore  be  influenced  by  the  state  of  the  activities 
of  these  cells.  The  direct  stimuli  causing  the  development  of  branches 
from  the  sides  of  the  existing  veins,  which  thus  subdivide  the  leaf  blade, 
are  not  yet  definitely  known,  but  they  must  be  affected  to  some  degree 
by  the  conditions  of  the  cells  in  the  area  into  which  the  new  branches 
penetrate.  This  matter  will  be  taken  up  later.  It  is  referred  to  here 
in  order  to  emphasize  the  fact  that  the  arrangement  of  the  nerves  in  the 
leaf  is  related  to  the  activities  of  the  other  cells  of  the  leaf. 

Uniformity  in  size  of  vein  islets  on  different  parts  of  a  leaf 

Schuster  (1908)  states  that  there  is  a  definite  uniformity  as  regards 

venation  in  all  parts  of  the  leaf,  except  close  to  the  midrib  and  at  the 

apices.    Many  tests  were  made  of  different  parts  of  the  same  leaf  of 

Vitis  indpina  and  a  variation  of  less  than  three  per  cent  was  found.    One 

test  on  a  leaf  of  vine  2  gave  the  following  figures: 

Square 
millimeters 

Average  of  areas  of  five  pieces  from  the  right  side 0 .4560 

Average  of  areas  of  five  pieces  from  the  left  side 0 .4567 

Largest  average  of  one  piece  from  either  side 0.4613 

Smallest  average  of  one  piece  from  either  side 0.4511 

In  other  words,  the  largest  average  found  was  one  per  cent  above  the 
average  for  the  whole  leaf,  while  the  smallest  was  one  and  one-tenth  per 
cent  below,  and  this  may  serve  as  a  typical  example. 

Influence  of  size  of  leaf  blade  on  size  of  vein  islets 
Schuster's  results  indicate  that  the  relation  between  the  size  of  the  leaf 
and  the  combined  length  of  veins  in  a  given  area  is  not  of  marked  impor- 
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tance.  The  writer's  measurements  with  Vitis  vuLyina  also  indicate  that 
the  size  of  the  leaf  has  comparatively  Uttle  effect.  The  figures  in  table  1 
may  be  considered  as  typical: 

TABLE  1.    Abea  of  Vein  Islets  in  Leaves  of  Different  Sizes  on  the  Same  Plant. 

Vine  29 


Number  of  leaf 

Bieadth 
of  leaf 
(oenti- 

metere) 

Length 
of  leaf 
(oenti' 
meters) 

Area  of 

leaf 
(square 

centi- 
meters) 

Area  of 
vein  islets 
(square 
milli- 
meters) 

1 

11 
17 
12 
11 
13 
14 
13 
16 
17 
14 

14 
.    16 
12 
11 
13 
14 
15 
17 
21 
16 

108 
190 
101 
86 
117 
117 
127 
179 
'260 
147 

0.3762 

2 

0.3663 

3.... 

0  3818 

4 

0.3697 

5 

0.3669 

6 

0.3733 

7 

0.3681 

8 

0  3703 

9 

10 

0.3784 

It  seems  at  first  thought  so  natural  to  suppose  that  the  size  of  vein 
islets  would  be  larger  in  the  larger  leaves,  that  a  series  of  leaves  was 
collected  from  vines  ranging  in 
age  from  seven  to  eleven  years. 
The  size  of  each  leaf  and  that 
of  its  vein  islets  were  measured, 
and  the  results  are  presented  in 
table  2  and  graphically  repre- 
sented in  figure  54. 

It  is  evident,  therefore,  that 
the  formation  of  new  veinlets 
keeps  pace  with  the  expansion 
of  the  leaf.  A  most  striking  ex- 
ample repeatedly  found  in  an- 
other plant  may  be  of  interest  here. 


0.40 


0.30 


o.ao 


0.10 


75      100      125     160      175    200    225  250 
Area  of  leaves  in  square  oentimeters 
Fio.  64 — Cwrve  thowtrig  thai  sue  of  leaf  does  not 
determine  size  of  vein  islets 


Less  than  ten  feet  apart  stood  two 
trees  of  Tilia  americanaj  one  three  inches  in  diameter,  the  other  fourteen 
inches.    The  larger  tree  had  been  cut  down,  and  from  the  stump  were 
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TABLE  2. 


Abea  of  Vein  Iblbtb  in  Lbatbb  or  Ditteiixnt  Sizbs  from  Viits  Vineb 
WITH  FBoif  Seven  to  Eleven  RmoB 


Number  of  leaf 

Aieaofleaf 

(square 
centimeters) 

Area  of  vein 

islets 

(square 

millimeters) 

1 

73 

77 

85 

92 

96 

101 

105 

109 

112 

116 

123 

126 

131 

137 

142 

147 

178 

190 

250 

0.3580 

2 

0.3691 

3 

0.3694 

4:::.:;:..: : 

0.3814 

6 

0.3761 

6 

0.3818 

7     

0  3812 

8 

0  3207 

9 

0.3669 

10 

0  3612 

11 

0  3391 

12 

0.3186 

13 

0  3217 

14 

0.3716 

15  

0  3197 

16 

0  3263 

17 

0  3703 

18 

0  3663 

19 

0  3777 

growing  several  thick  water  sprouts.  The  relative  size  of  the  huge 
leaves  growing  on  the  water  shoots  and  on  the  small  tree  was  determined, 
as  well  as  the  size  of  the  vein  islets,  with  the  following  results: 


Smaller  tree... 
Water  sprouts. 


Area  of  leaf 
(square  centimeters) 

30 

1,660 


Area  of  vein  islets 
(square  centimeters) 

0.04 

0.02 


The  larger  leaves  had  the  smialler  vein  islets.  The  marked  decrease 
in  size  of  tiie  vein  islets  is  due  to  age.  Similar  results  have  been  obtained 
from  leaves  borne  on  water  sprouts  of  other  varieties  of  trees. 

Influence  of  thickneaa  of  leaf  on  size  of  vein  islets 

While  very  great  differences  in  thickness  of  the  leaves  were  not  expected 
to  occur,  it  seemed  necessary  to  determine  whether  this  factor  might 
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aflfect  the  size  of  the  islets.  This  was  investigated  by  collecting  various 
leaves  from  vines  of  approximately  the  same  age,  the  variation  being  a 
few  years,  and  determining  the  weight  per  100  square  millimeters  of  leaf 
blade  of  each  leaf  and  the  size  of  the  vein  islets  of  each.  The  difference 
in  weight  is  taken  to  mean  differences  in  thickness,  as  all  the  leaves  were 
picked  at  the  same  time  of  day.    The  data  obtained  are  given  in  table  3: 

TABLE  3.    Abba  of  Vein  Iblbtb  in  Leaves  of  Different  Thicknesses 


Number  of  leaf 

Weight  of 

100  square 

millimeters 

of  leaf 

(grams) 

Area  of 

(islets 

square 

millimeters) 

1 

0.83 
0.87 
0.89 
0.91 
0.99 
1  04 
1.16 
1.20 
1.36 
1.43 
1.51 
1.61 
1.63 
1.67 
1.69 

0.3597 

2 

0.3660 

3 

0.3663 

4 

0.3207 

5 

0.3818 

6 

0.3777 

7 

0.3263 

8 • 

0.3197 

9 

0.3217 

10 

0.3696 

11 

0.3612 

12 

0.3667 

13 

0  3580 

14 

0.3716 

15 

0  3691 

Influence  of  svch  differences  in  light  as  are  found  in  nature  on  the  size  of 

vein  islets 

Schuster  found  that  the  effect  of  light  on  the  veins  was  not  the  same  in 
all  plants.  The  leaves  of  some  plants  showed  an  increased  amount  of 
venation  (smaller  vein  islets),  when  grown  in  the  shade,  others  were  not 
aflfected,  and  still  others  showed  a  decrease.  One  of  the  plants  investi- 
gated by  Schuster  was  Ampelopsis  veitckiir-A-gdmxa  of  the  Vitaceae,  and 
this  showed,  if  anything,  a  tendency  to  decrease  in  amount  of  venation 
in  strong  light  (resulting  in  increase  in  size  of  vein  islets).  The  same 
tendency  was  found  to  be  true  in  Vitis  wlpina  to  a  slight  degree  (table  4). 
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TABLE  4.    ErracT  or  Liort  and  Shade  on  Sum  or  Vkn  Ibudts.    Ynm  53 


Leaves  growing  in  shade 
(number  of  leaf) 

Area  of 

idets 

(square 

millimeters) 

Leaves 
growing  in 

Ught 
(number  of 

leaf) 

Area  of 

islets 

(square 

milUmeters) 

1 

0.1511 
0.1376 
0.1654 
0.1543 
0.1517 
0.1431 
0.1571 
0.1635 
0.1569 
0.1607 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0.1543 

2 

0.1678 

3 

0.1751 

4 

0.1642 

5 

0.1657 

6 

0.1635 

7 

0.1706 

8 

0.1613 

9 , 

0.1534 

10 

0.1642 

Average 

0.1541 

0.1640 

Uniformity  in  size  of  vein  ialeU  in  each  vine 

Schuster  and  von  Zalenski  both  treated  the  length  of  veinlets  as  a  rela- 
tively constant  character  for  each  plant  and  even  for  each  species.  Most 
of  their  work  was  done  with  herbaceous  annuals,  or  with  a  relatively  few 
garden  shrubs  or  trees  which  may  well  have  been  of  nearly  uniform  age. 
Unless  all  the  leaves  of  an  individual  plant  show  vein  islets  of  relatively 
equal  size,  this  character  cannot  be  used  as  a  criterion  of  the  age  of  the 
vine.  In  table  5  are  shown  conditions  regarding  uniformity  of  Vitis 
vulpina.    The  average  in  each  case  is  of  ten  or  more  leaves  from  each  vine. 

TABLE  5.    UNiroBiOTT  in  Sisb  of  Vun  Islitb  in  Each  Vinb 


Number  of  vine 

Minimum 
area  of  idets 

(square 
zmllimeters) 

(square 
milluneters) 

Maximum 

area 

(square 

millimeters) 

1 

0.1843 
0.3581 
0.5001 
0.2598 

0.2039 
0.3684 
0.5188 
0.2700 

0  2176 

2 

0.3980 

3 

0.5288 

4 

0.2958 
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TABLE  5  (concluded) 

Number  of  vine 

Minimuin 
area  of  islets 

(square 
miUimeters) 

Average  area 

(square 
millimeters) 

area 

(square 

miUimeters) 

31                                

0.3208 
0.2819 
0.1600 
0.1221 
0.2608 
0.3170 
0.2110 
0.3500 
0.2041 
0.2961 
0.3000 
0.3810 
0.4610 
0.3097 
0.2901 
0.2593 
0.1376 
0.1534 
0.3510 
0.3489 
0.3790 
0.2598 
0.3098 
0.2106 
0.4096 
0.4597 
0.3325 
0.2217 
0.3017 
0.4885 
0.3173 
0.1337 

0.3337 
0.2902 
0.1807 
0.1375 
0.3250 
0.3301 
0.2291 
0.4046 
0.2312 
0.3045 
0.3140 
0.3926 
0.4743 
0.3195 
0.3077 
0.2823 
0.1541 
0.1640 
0.3946 
0.3987 
0.4657 
0.2965 
0.3280 
0.2345 
0.4845 
0.5055 
0.3690 
0.2503 
0.3311 
0.5005 
0.3553 
0.1731 

0  3632 

5                 

0.3129 

6    

0.1910 

7                              

0  1634 

8. 

0  3644 

9 

0.3453 

10                             

0  2623 

32        .            

0  4400 

33 

0.2909 

34                                

0  3178 

35      

0  3313 

36 

0  4061 

37 

0  4881 

38    

0  3309 

39 

0  3205 

40               

0  3001 

41 

0  1654 

11 

0  1751 

12 

0  4363 

13 

0  4511 

15 : 

0  5018 

14 

0  3321 

16 

0  3507 

18 

0  2511 

17 ■ 

0  5085 

19 

0  5410 

21 

20 

0  3053 

22 

0  3818 

23 

0  5171 

24 

0  3807 

30 

0  2311 

Avi^n^^. . 

0.2961 

0.3229 

0  3496 

The  leaves  with  the  smallest  vein  islets  thus  show  sizes  of  islets  8.3 
per  cent  below  the  average  for  the  entire  plant,  while  those  with  the  largest 
show  sizes  of  islets  8.3  per  cent  above  the  average.  The  degree  of  variation 
is  distinctly  less  than  that  shown  by  the  areas  and  weights  of  the  leaves 
themselves,  and  is  not  greater  than  that  commonly  found  in  the  numerical 
characters  accepted  in  taxonomic  work.    This  seems  to  indicate  beyond 
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reasonable  doubt  that  the  size  of  the  vein  islets  is  governed  by  some 
internal  characteristic  of  the  plant  as  a  whole. 

The  way  seems  clear,  therefore,  to  investigate  the  size  of  the  vein  islets 
as  a  possible  indication  of  the  age  of  the  whole  plant. 


COMPARISON  GF  THE  SIZE    OF  VEIN    ISLETS  IN  PLANTS  OF  DIFFERENT  AGES, 

IN   VITXS  VULPINA 

For  the  purpose  of  determining  whether  the  size  of  the  vein  islets  of 
Vitis  tmlpina  is  dependent  on  the  age  of  the  whole  plant,  two  methods 
of  comparison  were  used:  (1)  a  comparison  of  the  size  of  vein  islets 
in  the  leaves  of  these  paired  vines  of  different  ages  which  were  found 
growing  under  nearly  identical  external  conditions;  (2)  a  comparison  of 
the  size  of  the  vein  islets  in  the  leaves  borne  by  cuttings  of  vines  of  different 
ages  which  were  grown  under  identical  conditions  in  soU,  in  nutrient 
solutions,  and  in  distilled  water. 

In  addition  to  Vitis  vulpina,  Vitis  bicolor  Le  Conte  and  a  number  of 
trees  were  investigated  to  a  Umited  extent  in  regard  to  a  possible  relation 
between  venation  and  age.  The  data  on  these  latter  are  presented  sub- 
sequently. 

Size  of  vein  islets  of  plants  grown  under  field  conditions 
In  the  following  tables  (from  table  6  to  table  20)  there  are  presented 
data  on  the  vein  islet  measurements  for  each  of  ten  leaves  of  each  paired 
vine.  In  each  table  the  average  of  the  vein  islet  measurements  for  each 
of  the  paired  vines  is  also  given.  The  areas  and  weights  of  each  leaf 
are  shown.  The  age  of  the  vine  is  indicated  by  the  diameter  of  the  main 
stem  and  by  the  number  of  annual  rings. 

TABLE  6.    Area  of  Vein  Islets  in  Leaves  op  Vines  1  and  2 


Number  of  leaf 


Length 

(centimeters) 


Breadth 

(centimeters) 


Area 

(square 

centimeters) 


Weight 

(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  1,  7.6  centimeters  in  diameter,  28  annual  rings 


13 

16 

151 

14 

15 

140 

15 

19  i 

207 

15 

16  1 

161 

2.5 
2.1 
3.6 
3.1 


0.2013 
0.2112 
0.2167 
0.2050 
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Number  of  leaf 


.  Lcaogth 
(centimeters) 


Breadth 

(oentimeten) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


6. 
6. 
7. 
8. 
0. 
10. 


Vine  1,  7.6  centimeters  in  diameter,  28  annual  rings  (conduded) 


14 
16 
16 
15 
13 
13 


16 
16 
19 
17 
13 
16 


158 
178 
208 
176 
118 
130 


2.3 
2.8 
4.0 
3.2 
1.8 
3.2 


0.2171 
0.1843 
0.2028 
0.2048 
0.1941 
0.2035 


Vine  2,  2  centimeters  in  diameter,  6  annual  rings 


1 

13 
14 
13 
11 
13 
12 
12 
10 
10 
13 

15 
14 
15 
12 
14 
11 
14 
11 
11 
13 

138 
138 
137 

92 
124 

88 
118 

77 

74 
118 

2.3 
2.0 
2.2 
1.5 
2.0 
1.3 
1.9 
1.3 
1.2 
1.8 

0.3980 

2 

0.3716 

3    

0.3613 

4 

0.3581 

5 

0.3637 

6 

0.3696 

7 

0.3677 

8 

0.3691 

9 ,.. 

10 

0.3580 
0.3670 

Average  area  of  islets  for  vine  with  28  rings 0. 2040  square  millimeter 

Average  area  of  islets  for  vine  with  6  rings 0.3684  square  millimeter 


TABLE  7.    Area  or  Vein  Ibubts  in  Leaves  or  Vines  3  and  4 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  3,  0.7  centimeter  in  diameter.  3  annual  rings 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


15 

.17 

190 

2.3 

0.5277 

14 

13 

127 

1.5 

0.5151 

17 

18 

210 

2.2 

0.5100 

15 

16 

162 

1.6 

0.5180 

15 

16 

162 

1.7 

0.5151 

15 

15 

157 

1.6 

0.5288 

14 

16 

152 

1.8 

0.5264 

14 

13 

147 

1.6 

0.5001 

15 

17 

173 

2.0 

0.5120 

14 

15 

147 

1.6 

0.5010 
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Number  of  leaf 


Length 
(centimeters) 


Breadth 
(oentimeters) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 
9. 
10. 


Vine  4f  7.6  centimeters  in  diameter,  25  annual  rings 


12 
13 
14 
14 
12 
12 
10 
8 
9 
12 


15 
16 
14 
16 
14 
13 
12 
10 
10 
15 


116 

146 

133 

155 

119 

105 

84 

52 

63 

126 


1.9 
1.9 
1.7 
1.9 
1.3 
1.4 
1.0 
1.0 
1.0 
1.6 


0.2958 
0.2598 
0.2641 
0.2698 
0.2684 
0.2710 
0.2675 
0.2720 
0.2600 
0.2640 


Average  area  of  islets  for  vine  with  3  rings 0.5154  square  millimeter 

Average  area  of  islets  for  vine  with  25  rings 0. 2692  square  millimeter 

TABLE  8.    Area  of  Vein  Islbtb  in  Leaves  or  Vines  5  and  6 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 

oentimeters) 


Weight 

(grams) 


Area  of 

islets 

(square 

millimeters) 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


Vine  5,  5.1  centimeters  in  diameter,  22  annual  rings 


12 

13 

109 

1.6 

0.2813 

12 

15 

126 

1.6 

0.2876 

10 

12 

80 

1.3 

0.3129 

8 

13 

72 

1.8 

0.2930 

11 

15 

133 

1.5 

0.2818 

13 

15 

140 

1.8 

0.2820 

10 

13 

85 

1.3 

0.2912 

13 

11 

97 

1.4 

0.2872 

14 

14 

130 

1.6 

0.2953 

14 

16 

152 

1.8 

0.2890 

oentimeters  in  diameter,  56  ann 

ual  rings 

11 

11 

85 

0.8 

0.1830 

13 

13 

US 

1.5 

0.1910 

14 

14 

132 

1.4 

0.1760 

13 

14 

125 

1.5 

0.1810 

10 

11 

74 

0.7 

0.1910 

12 

11 

92 

1.0 

0.1756 

11  J 

12 

92 

0.9 

0.1841 
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Number  of  leaf 


Length 
(centimeters) 


Breadth 

(oentimeters) 


Area 

(square 

centimeters) 


Weight 

(grams) 


Area  of 

islets 

(square 

millimeters) 


8. 

9. 

10. 


Vine  6»  20.4  oentimeters  in  diameter,  56  annual  rings  {conduded) 


12 
12 
13 


11 
14 
13 


85 
112 
110 


1.0 
1.4 
1.2 


0.1764 
0.1690 
0.1814 


Average  area  of  islets  for  vine  with  22  rings 0. 2901  square  miUimeter 

Average  area  of  islets  for  vine  with  56  rings 0. 1807  square  millimeter 

TABLE  9.    Area  of  Vein  Islets  in  Leaves  of  Vines  7  and  8 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(oentimeters) 


Area 

(square 
oentimeters) 


Area  of 

islets 

(square 

millimeters) 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


Vine  7, 15.3  centimeters  in  diameter,  70  annual  rings 


10 
12 
10 
9 
10 
10 
11 
10 
12 
13 


12 
14 
11 
10 
12 
11 
11 
11 
14 
14 


84 

117 

74 

60 

80 

77 

85 

74 

115 

120 


0.9 
0.9 
0.4 
0.3 
0.4 
0.5 
0.5 
0.4 
0.9 
0.8 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


Vine  8,  3.2  oentimeters  in  diameter,  15  annual  rings 


10 

10 

11 

13 

9 

11 

11 

11 

8 

9 


10 

11 

12 

12 

9 

11 

12 

11 

9 

9 


70 
74 
89 
109 
57 
87 
90 
80 
46 
57 


0.6 
0.6 
0.7 
0.8 
0.4 
0.6 
0.6 
0.7 
0.4 
0.5 


0.1335 
0.1634 
0.1238 
0.1574 
0.1221 
0.1310 
0.1360 
0.1280 
0.1412 
0.1392 


0.2866 
0.2698 
0.3644 
0.3525 
0.3166 
0.3270 
0.3460 
0.3272 
0.3360 
0.3241 


Average  area  of  islets  for  vine  with  70  rings 0. 1376  square  millimeter 

Average  area  of  islets  for  vine  with  15  rings 0.3250  square  millimeter 
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TABLE  10.    Abea  or  Vein  Islets  in  Leaves  or  Vines  0  and  10 


Number  of  leaf 


Length 
(oentixDetera) 


Breadth 
(centimeters) 


Area 

(square 
oentuneters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


1. 
2. 
3. 

4. 
6. 
6. 
7. 
8. 
9. 
10. 


1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 


Vine  9,  3.3  centimeters  in  diameter,  14  annual  rings 


14 

15 

140 

1.5 

0.3390 

14 

15 

147 

1.6 

0.3453 

13 

13 

112 

1.2 

0.3292 

14 

14 

140 

1.4 

0.3390 

11 

11 

85 

0.8 

0.3355 

12 

11 

90 

0.8 

0.3240 

10 

12 

84 

0.7 

0.3172 

15 

18 

182 

2.0 

0.3361 

14 

12 

118 

1.2 

0.3170 

11 

13 

100 

0.8 

0.3211 

Vine  10,  7.6  centimeters  in  diameter,  30  annual  rings 


10 
10 
14 
15 
15 
11 
14 
15 
15 
11 


11 
10 
12 
17 
15 
12 
15 
16 
15 
13 


77 

70 
112 
170 
154 

87 
147 
162 
158 

90 


0.6 
0.7 
1.7 
2.4 
1.8 
0.7 
1.8 
2.0 
1.9 
0.9 


0.2141 
0.2623 
0.2460 
0.2350 
0.2228 
0.2241 
0.2342 
0.2110 
0.2151 
0.2262 


Average  area  of  islets  for  vine  with  14  rings 0.3303  square  millimeter 

Average  area  of  islets  for  vine  with  30  rings 0.2291  square  millimeter 


TABLE  11.    Area  or  Vein  Islets  in  Leaves  or  Vines  11  and  12 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  11,  1.3  centimeters  in  diameter,  6  annual  rings  (only  nine  leaves  picked) 


12 

110 

1.3 

0.3617 

15 

170 

2.0 

0.4246 

14 

155 

1.7 

0.4363 

16 

180 

2.1 

0.3510 

13 

130 

1.5 

0.3571 
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Number  of  leaf 


Length 
(oentiiiieters) 


Bseadth 
(oentimetera) 


Ares 

(square 
oentimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  11, 1.3  centimeters  in  diameter,  6  annual  rings  (only  nine  leaves  picked)  {condvded) 

6 

7 

8 

9 


15 

13 

140 

1.6 

0.4006 

14 

11 

08 

1.0 

0.4213 

17 

16 

190 

2.2 

0.4313 

15 

12 

126 

1.4 

0.3679 

^^^ne  12,  15.3  centimeters  in  diameter,  57  annual  rings 


1 

9 

9 

10 

10 

9 

9 

8 

10 

8 

8 

10 
9 

10 

10 
8 

10 
7 
9 
8 
7 

60 
54 
66 
73 
48 
60 
40 
63 
41 
40 

2 

3... 

4 

5 

6 

7 

8 

9 

10 

0.8 

0.1543 

0.7 

0.1678 

0.7 

0.1751 

0.9 

0.1642 

0.6 

0.1657 

0.7 

0.1635 

0.5 

-0.1706 

0.7 

0.1613 

0.4 

0.1534 

0.5 

0.1642 

Average  area  of  islets  for  vine  with    6  rings 0. 3946  square  millimeter 

Average  area  of  islets  for  vine  with  57  rings 0. 1640  square  millimeter 


TABLE  12.    Area  or  Vein  Islets  ik  Leaves  or  Vines  13  and  14 


Number  of  leaf 


Length 

(oentimeters) 


Breadth 
(oentimeters) 


Area 

.  (square 
oentimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  13,  1.3  oentimeters  in  diameter,  6  annual  rings  (only  five  leaves  picked) 


13 
15 
12 
10 

8 


12 

109 

1.2 

0.3597 

10 

108 

1.1 

0.4213 

10 

84 

0.9 

0.3489 

9 

65 

0.7 

0.4106 

5 

30 

0.4 

0.4511 

Vine  14,  5.1  centimeters  in  diameter,  16  annual  rings 


16 
10 
13 
13 


16 
10 
12 
13 


180 

70 

110 

112 


2.1 
0.9 
1.2 
1.2 


0.3209 
0.2871 
0.2696 
0.3213 
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TABLE  12  (condvded) 


Namber  of  leaf 


Length 
(ceatimeters) 


Breadth 
(centimeteFB) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  14,  5.1  centimeters  in  diameter,  16  annual  rings  {conduded) 


5. 
6. 
7. 
8. 
9. 
10. 


12 
14 
18 
12 
14 
14 


12 
16 
16 
12 
15 
14 


100 
150 
210 
106 
145 
135 


1.0 

0.2871 

1.7 

0.3107 

2.3 

0.2879 

1.1 

0.3321 

1.6 

0.2897 

1.5 

0.2598 

Average  area  of  islets  for  vine  with    6  rings 0.3983  square  mHiimeter 

Average  area  of  islets  for  vine  with  16  rings 0.2966  square  millimeter 


TABLE  13.    Abba  or  Vein  Iblktb  in  Lbavxs  op  Vinbs  15  and  16 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  15,  0.8  centimetflr  in  diameter,  5  annual  rings  (only  five  leaves  picked) 


10 

9 

60 

0.6 

0.3790 

9 

8 

54 

0.6 

0.5013 

10 

10 

73 

0.8 

0.4678 

11 

9 

70 

0.8 

0.5018 

12 

10 

84 

0.9 

0.4787 

'N^ne  16,  5.1  centimeters  in  diameter,  14  annual  rings 


1 

14 
14 
13 
14 
15 
12 
14 
13 
12 
13 

13 
15 
11 
16 
14 
13 
14 
12 
12 
12 

135 
145 
105 
150 
150 
110 
135 
107 
106 
110 

1.5 
1.6 
1.2 
1.7 
1.6 
1.2 
1.5 
1.1 
1.1 
1.2 

0.3312 

2 

0.3176 

3 

0.3098 

4 

0.3421 

5 

0.3507 

6 

0.3312 

7 

0.3212 

8 

0.3106 

9 

0.3361 

10 

0.3301 

Average  area  of  islets  for  vine  with    5  rings. 
Average  area  of  islets  for  vine  with  14  rings. 


0.4657  square  millimeter 
0.3281  square  millimeter 
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TABLE  14.    Abea  of  Vein  Islbtb  in  Leaves  of  Vines  17  and  18 


Number  of  leaf 


Length 
(oentixiieten) 


(oeatuneten.)  ^g„,^) 


Ares  of 

ialets 

(square 

miUimeters) 


Vine  17,  1.3  oentimeters  in  diameter,  5  annual  rings  (only  eight  leaves  picked) 


12 

11 

90 

0.9 

0.4863 

12 

12 

100 

1.1 

0.6017 

12 

10 

78 

0.9 

0.4096 

12 

13 

104 

1.1 

0.5023 

12 

10 

80 

0.0 

0.5085 

11 

12 

85 

0.9 

0.4893 

10 

10 

75 

0.8 

0.4971 

11 

10 

75 

0.9 

0.4813 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


Vine  18, 10.1  centimeters  in  diameter,  35 

14  15  150 

14  13  130 

15  14  135 
14  14  125 
13  13  115 
13  12  110 

11  14  110 

12  11  90 
11  13  100 
10  13  90 


annual  rings 
1.7 
1.4 
1.5 
1.4 
1.3 
1.2 
1.3 
1.0 
1.1 
1.0 


0.2417 
0.2378 
0.2363 
0.2419 
0.2263 
0.2511 
0.2387 
0.2267 
0.2239 
0.2106 


Average  area  of  islets  for  vine  with    5  rings 0.4845  square  millimeter 

'  Average  area  of  islets  for  vine  with  35  rings 0.2335  square  millimeter 

TABLE  15.    Abea  of  Vein  Islets  in  Leaves  of  Vines  19  and  20 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(oentimeters) 


Area 

(square 

oentimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

miUimeters) 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


Vine  19, 1.5  centimeters  in  diameter,  5  annual  rings 


15 

13 

110 

13 

12 

105 

14 

13. 

140 

13 

12 

115 

15 

13 

135 

16 

15 

170 

14 

13 

125 

13 

13 

120 

12 

12 

105 

11 

12 

100 

1.2 
1.1 
1.6 
1.2 
1.6 
1.9 
1.4 
1.4 
1.3 
1.2 


0.5410 
0.5363 
0.4597 
0.4817 
0.4861 
0.4877 
0.5437 
0.5019 
0.5115 
0.5061 


20 
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TABLE  15  (concluded) 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  20,  10.1  centimeters  in  diameter,  25  annual  rings 


1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 
9. 
10. 


8 

8 

9 

9 

11 

8 

7 

11 

11 

10 


7 

8 

7 

11 

10 

9 

7 

12 

10 

10 


38 

0.5 

0.2509 

45 

0.6 

0.2263 

50 

0.6 

0.2217 

66 

0.7 

0.3053 

75 

0.8 

0.2506 

65 

0.8 

0.2618 

45 

0.6 

0.2791 

85 

1.0 

0.2507 

85 

0.9 

0.2273 

75 

0.9 

0.2291 

Average  area  of  islets  for  vine  with    5  rings 0 .  5056  square   millimeter 

Average  area  of  islets  for  vine  with  25  rings 0. 2503  square  millimeter 


TABLE  16.    Absa  of  Vein  Islets  in  Leaves  of  Vines  21  and  22 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 
centimeters) 


Weight 
(grams) 


Area  df 

islets 

(square 

millimeters) 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


1. 
2. 
3. 
4. 
5. 
6. 


Vine  21,  2.5  centimeters  in  diameter,  11  annual  rings 


13 
11 
13 
12 
12 
12 
10 
13 
10 
10 


14 
12 
14 
12 
13 
14 
12 
13 
11 
11 


125 

90 

120 

140 

110 

120 

95 

100 

80 

85 


Vine  22,  5.1  centimeters  in  diameter,  17  annual  rings 


17 
17 
15 
14 
15 
15 


17 
18 
15 
14 
15 
14 


202 
216 
158 
135 
160 
150 


1.4 

0.3191 

1.0 

0.3889 

1.3 

0.3325 

1.6 

0.3835 

1.2 

0.3896 

1.4 

0.3764 

1.1 

0.3761 

1.2 

0.3673 

0.9 

0.3809 

0.9 

0.3761 

2.2 

0  3087 

2.4 

0.3818 

1.8 

0.3506 

1.5 

0.3017 

1.8 

0.3063 

1.7 

0.3219 
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Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 
centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  22,  5.1  centimeters  in  diameter,  17  annual  rings  (concluded) 


7. 

8. 

9. 

10. 


15 
15 
15 
14 


14 
15 
15 
14 


145 
160 
165 
130 


1.6 
1.8 
1.9 
1.5 


0.3367 
0.3503 
0.3307 
0.3218 


Average  area  of  islets  for  vine  with  11  rings 0. 3690  square  millimeter 

Average  area  of  islets  for  vine  with  17  rings 0. 3310  square  millimeter 

TABLE  17.    Area  of  Vein  Islets  in  Leaves  of  Vines  23  and  24 


Number  of  leaf 


Length 

(centimeters) 


Breadth 

(centimeters) 


Area 

(square 
centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

miUimeters) 


Vine  23,  0.8  centimeter  in  diameter,  5  annual  rings  (only  nine  leaves  picked) 


11 

11 

12 

10 

10 

12 

11 

11 

10 

12 

10 

11 

9 

9 

9 

7 

10 

11 

80 
80 
85 
85 
90 
70 
60 
50 
75 


0.9 
0.9 
0.9 
0.9 
1.0 
0.8 
0.7 
0.6 
0.8 


0.4893 
0.4972 
0.4885 
0.5006 
0.5097 
0.4998 
0.5013 
0.5171 
0.4909 


Vine  24,  2.5  centimeters  in  diameter,  10  annual  rings 


1 

12 
10 
12 
11 
10 
10 
10 
11 
11 
11 

11 
11 
13 
12 
11 
11 
11 
13 
12 
12 

100 
75 

115 

101 
70 
75 
80 
95 
95 

100 

1.1 
0.9 
1.3 
1.1 
0.8 
0.9 
0.9 
1.0 
1.0 
1.1 

0.3709 

2 

0.3761 

3 

0.3781 

4   

0.3407 

5 

0.3173 

6 

0.3164 

7 

0.3187 

8 

0.3861 

9 

0.3275 

10 

0.3209 

Average  area  of  islets  for  vine  with  5  rings . . 
Average  area  of  islets  for  vine  with  10  rings. 


0.4994  square  millimeter 
0.3453  square  millimeter 
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TABLE  18.    Arsa  of  Vein  Islets  in  Leaybs  or  Vines  25  and  26 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(oentimeters) 


Area 

(square 
oentimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  25,  3  centimeters  in  diameter,  11  annual  rings  (only  five  leaves  photographed) 


13 

14 

14 

13 

14 

15 

13 

15 

12 

13 

125 
130 
145 
135 
100 


1.4 

0.3761 

1.5 

0.3606 

1.6 

0.3391 

1.5 

0.3476 

1.1 

0.3736 

Vine  26,  12.7  oentimeters  in  diameter,  35  annual  rings  (only  five  leaves  photographed) 


12 
13 
14 
11 
12 


11 
13 
15 
13 
13 


90 
100 
150 
100 
110 


1.0 
1.1 
1.7 
1.1 
1.2 


0.2216 
0.2035 
0.2107 
0.2316 
0.2217 


Average  area  of  islets  for  vine  with  11  rings 0.3574  square  millimeter 

Average  area  of  islets  for  vine  with  35  rings 0.2178  square  millimeter 


TABLE  19.    Area  of  Vein  Islets  in  Leaves  of  Vines  27  and  28 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(oentimeters) 


Area 

(square 
oentimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  27,  5.1  oentimeters  in  diameter,  17  annual  rings  (only  five  leaves  photographed) 


15 
13 
16 
13 
13 


15 
12 
15 
13 
13 


150 
110 
165 
110 
115 


1.7 

0.3281 

1.3 

0.3011 

1.8 

0.3132 

1.3 

0.3313 

1.2 

0.3063 

Vine  28,  7.6  oentimeters  in  diameter,  25  annual  rings  (only  five  leaves  photographed) 


1  

11 
12 
H 
13 
15 

11 
11 
13 
10 
13 

85 

90 

125 

100 

125 

0.9 
1.0 
1.4 
1.1 
1.4 

0.2261 

2 

0.2306 

3 

0.2413 

4 

0.2371 

5 

0.2283 

Average  area  of  islets  for  vine  with  17  rings. 
Average  area  of  islets  for  vine  with  25  rings. 


0.3160  square  millimeter 
0.2327  square  millimeter 
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TABLE  20.    Area  of  Vein  IsiiSTB  in  Leaves  of  Vines  29  and  30 


Number  of  leaf 


Length 
(oentimeters) 


Breadth 
(centinieters) 


Ares 

(square 
oentimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  29,  2.5  oentimeters  in  diameter,  10  annual  rings  (only  five  leaves  photographed) 


11 

12 

90 

1.1 

0.3613 

14 

15 

145 

1.6 

0.3725 

13 

13 

115 

1.3 

0.3617 

15 

14 

135 

1.5 

0.3867 

16 

15 

155 

1.7 

0.3975 

Vine  30, 12.7  oentimeters  in  diameter,  50  annual  rings 


1 

8 

8 

8 

8 

10 

9 

9 

9 

10 

10 

7 
8 
6 
7 

10 
9 

10 
9 

10 
9 

42 
50 
40 
45 
70 
60 
61 
62 
70 
60 

0.5 
0.6 
0.5 
0.6 
0.8 
Q.7 
0.7 
0.7 
0.8 
0.7 

0.2013 

2 

0.1809 

3 

0.2311 

4 

0.2263 

5 

0.1491 

6 

0.1347 

7 

0.1509 

8 

0.1814 

9 

0.1337 

10 

0.1416 

Average  area  of  islets  for  vine  with  10  rings 0.3759  square  millimeter 

Average  area  of  islets  for  vine  with  50  rings 0. 1731  square  millimeter 


TABLE  21.   SuiiMABT  of  Relation  Foitnd  between  Age  of  Vine  of  Vitib 
Area  of  Vein  Islets  in  the  Leaves 

VULPINA  AND 

Number  of  vine 

Number 

of  annual 

rings 

Area  of 

islets 

(square 

millimeters) 

Number  of  vine 

Number 

of  annual 

rings 

Area  of 

isleto 

(square 

millimeters) 

3 

3 

5 

5 

5 

5 

6 

6 

6 

10 

10 

11 

11 

14 

14 

15 

0.5154 
0.5056 
0.4994 
0.4845 
0.4657 
0.3983 
0.3946 
0.3684 
0.3759 
0.3453 
0.3690 
0.3574 
0.3303 
0.3281 
0.3250 

14 

27.. 

16 
17 
17 
22 
25 
25 
25 
28 
30 
35 
35 
50 
56 
57 
70 

0.2966 

19 

0.3160 

23 

22 

0.3310 

17 

5 

.   0.2901 

15 

4 

0.2692 

13 

20 

0.2503 

11 

28 

0.2327 

2 

1 

0.2040 

29 

10 

0.2291 

24 

18 

0.2335 

21 

26 

0.2178 

25 

30 

0.1731 

9 *. . 

6 

0.1807 

16 

12 

0.1640 

8 

7 

0.1376 

Digitized  by  VjOOQ IC 


3IO 


Harris  M.  Benedict 


0.60 


0.60 


5 1  0.40 

I 

.si  0  30 


o      0.20 

I 

0.10 


10        20       30      40         50       60       70 
Age  in  years 

Fio.  55. —  Curve  showing  decrease  with  age  in 
size  of  vein  islets  of  l^ves  of  Vitis  vtdpina 


By  averaging  the  size  of  the  vein 
islets  in  vines  of  the  same  age,  a 
curve  can  be  plotted  which  shows 
very  strikingly  the  decrease  in  the 
size  of  the  islets  with  increasing  age. 
Such  a  curve  is  shown  in  figure.  55. 

When  the  plants  in  the  above 
summary  are  divided  into  groups 
the  change  in  venation  is  even  more 
apparent,  as  shown  in  table  22. 

In  figure  56  are  shown  photo- 
graphs of  the  venation  character- 
istic of  each  of  these  groups. 


TABLE  22. 


Average  Area  of  Vein  Islets  in  Leaves  of  Vines  Grouped  AccoRDiNa 
TO  Aqe 


Nximbftr  of  ringH,  •. 

3to5 

etc  11 

14  to  25 

28  to  35 

50  to  70 

Area  of  vein  islets  (square  millimeteTs) 

0.4941 

0.3727 

0.2969 

0.2211 

0.1638 

14 

Age  in  years 
Fig.  56. — Photographs  of  vein  islets  of  leaves  of  Vitis  vulpina  vines  of  the  ages  of  5,  6, 
14,  S8,  and  60  years,  grown  under  identical  conditions 


Size  of  islets  in  leaves  of  cuttings  grown  under  identical  conditions 
In  order  to  test  further  the  constancy  of  the  different  sizes  of  vein 
islets  found,  cuttings  were  made,  in  three  different  summers,  from  the 
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various  vines  studied.  These  cuttings  were  grown  in  water  and  in  soil 
cultures,  and  the  leaves  that  developed  were  measured  and  studied. 
The  cuttings  were  classified  into  groups  according  to  the  age  of  the  vine 
from  which  they  were  taken,  and  were  labeled  accordingly  but  grown 
together  under  identical  conditions. 

Of  the  first  series  of  cuttings  grown  in  tap  water,  seventeen  proved 
successful.  They  were  grown  in  a  greenhouse  at  Ithaca.  Since  it  was 
necessary  for  the  writer  to  go  to  Cincinnati  at  the  close  of  the  summer, 
the  measurements  of  the  vein  islets  were  made  before  the  leaver  had 
attained  maturity.  The  results  of  these  measurements  are  given  in 
table  23.  The  number  of  rings  as  given  in  the  table  indicates  the  age  of 
the  vine  from  which  the  cuttings  were  made;  the  size  given  for  the  vein 
islets  is  the  average  for  all  the  leaves  of  one  cutting. 


TABLE  23.    Area  of  Vein  Islets  in  Leaves  from  Cuttinos  Grown  in  Tap  Water 


Number  of  rings 

4to5 

7  to  11 

14  to  16 

25  to  50 

(Square 
millimeters) 
0.24 
0.26 
0.29 
0.30 

(Square 
millimeters) 
0.20 
0.21 
0.22 
0.23 
0.32 

(Square 
millimeters) 
0.16 
0.22 
0.17 
0.18 

(Square 
millimeters) 
0.14 
0.15 
0.16 
0.15 

Average 

0.27 

0.24 

0.18 

0.15 

The  vein  islets  are  noticeably  smaller  than  those  in  leaves  grown  under 
natural  conditions,  and  this  is  due  to  the  fact  that  the  leaves  were  not 
fully  expanded.  The  smaller  the  leaf,  the  smaller  are  the  islets  until 
the  maturity  of  the  leaf  is  reached.  These  differences  in  size  of  vein 
islets  of  leaves  of  old  and  of  young  vines  are  obvious  at  the  time  when 
the  leaf  buds  first  open,  and  lEtre  maintained  throughout  the, later  stages 
of  leaf  growth,  as  is  shown  by  tables  24  and  25,  pages  312  and  313. 
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Comparison  of  the  venation  of  immature  leaves 

In  order  to  determine  whether  or  not  the  difference  in  size  of  vein 
islets  is  present  from  the  beginning  of  the  development  of  the  leaf,  the 
venation  of  a  series  of  leaves  from  the  tips  of  shoots  backward  was 
examined.  One  examination  was  made  by  the  photographic  method,  with 
the  following  results: 


TABLE  24.  Area  of  Vbin  Islets  in  a  Seribs  or  Imuatube  Leaves  Taken  in  Obdbr 
FROM  THE  Tips  of  the  Shoots  Backward,  from  Vitis  vulfina  Twenty-ftve  and 
Ten  Years  of  Age 


Number  of  leaf 


Length       I     Breadth 
(centimeters),  (centimeters) 


Weight 

(grams) 


Area  of  vein 

islets 

(square 

millimetera) 


1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 


Vine  twenty-five  years  old 

3 

5 

7 

8 
11 
11 
14 
13 


Vine  ten  years  old 

3 

6 

8 

9 
10 
11 
14 
13 


0.15 
0.30 
0.50 
0.60 
0.95 
1.10 
2.10 
1.90 


0.010 
0.015 
0.022 
0.058 
0.090 
0.120 
0.150 
0.190 


3 

0.16 

0.015 

5 

0.29 

0.020 

6 

0.51 

0.027 

8 

0.63 

0.065 

11 

1.00 

0.098 

12 

1.20 

0.150 

17 

2.20 

0.200 

14 

2.00 

0.260 

That  this  was  an  entirely  typical  condition  has  been  shown  by  many 
field  counts  of  veinlet  intersections  by  a  method  explained  later  (page  315). 
The  sizes  of  the  vein  islets  in  the  immature  leaves  on  the  cuttings  as  given 
in  table  23  offer  evidence  to  the  same  effect. 

If  the  midrib  be  called  the  primary  vein,  its  chief  branches  secondary 
veins,  the  main  branches  of  the  secondary  veins  tertiary,  and  so  on,  the 
final  most  minute  veinlets  may  be  given  a  definite  rank.    A  comparison 
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of  the  rank  of  the  veinlets  in  leaves  borne  by  cuttings  of  VUis  wlpina 
of  different  ages  shows  the   following  results: 

TABLE  25.    Rank  of  Vbinlbtb  in  Immatube   Leaves  Borne  bt  Cuttinqs  or  Vina 
vuLPiNA  OF  Different  Ages 


Position  of  leaf 


Enclosing 
veinlets 


Penetrating 
veinlets 


Vine  twelve  years  old 

Ptrst  leaf  on  cuttings 

Second  leaf 

Third  leaf 

Fourth  leaf 

Fifth  leaf 

Sixth  leaf 

Seventh  leaf 

Vine  twentyHEUx  years  old 


5th  rank 
Gthrank 
6th  rank 
Gthrank 
7th  rank 
7th  rank 
7th  rank 


6th  rank 
7th  rank 
7th  rank 
7th  rank 
8th  rank 
8th  rank 
8th  rank 


First  leaf 

6th  rank 
7th  rank 
6th  rank 
7th  rank 
7th  rank 
8th  rank 
8th  rank 

7th  rank 

Sff^ond  Iraf 

8th  rank 

Third  l«rf 

7th  rank 

Fourth!^ 

7th  rank 

Fifth  1^          , 

8th  rank 

RiHh  1^ 

9th  rank 

Seventh  leaf 

9th  rank 

The  important  fact  is  evident  from  table  25  that  in  the  leaf  from  the 
older  vine  the  vein  islets  have  been  divided  by  the  development  of  an 
additional  rank  of  veinlets,  and  each  division  has  been  partly  penetrated 
by  veinlets  of  still  higher  rank.  The  fact  that  size  relationship  of  the 
vein  islets  holds  for  the  immature  leaves  of  old  and  young  vines  as  definitely 
as  it  does  for  the  mature  ones,  which  have  been  subjected  to  the  various 
external  factors  of  environment,  is  further  evidence  of  importance  support- 
ing the  claim  that  the  difference  in  size  of  the  vein  islets  is  due  to  a  con- 
stitutional rather  than  to  an  environmental  cause. 

In  May,  1910,  another  set  of  cuttings  was  started,  this  time  in  pre- 
pared soil.  These  cuttings  were  obtained  and  started  for  the  writer 
by  an  assistant,  and  the  grouping  was  somewhat  different  from  that 
used  in  the  first  series.  All  the  cuttings  were  grown  in  the  same  box 
of  prepared  soil  and  all  environmental  conditions  were  identical  for 
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each  cutting.  The  cuttings  produced  mature  leaves  in  time  for  study 
during  the  sunmier.  The  average  size  of  the  vein  islets  in  the  leaves  of 
each  of  these  fifty-four  cuttings  is  shown  in  table  26,  the  number  of  rings 
indicating  the  age  in  years  of  the  vine  from  which  the  cuttings  were  made. 
The  cuttings  themselves  varied  in  diameter  from  1.3  to  2.5  centimeters, 
both  small  and  large  cuttings  being  taken  from  the  older  vines.  The 
size  of  the  vein  islets  had  no  relation  to  the  size  of  the  cuttings. 

TABLE  26.    Abea  of  Vbin  Islbtb  in  Leaves  fhom  Cuttings  Grown  in  Soil 


Number  of  rings 

6  to  16 

16  to  25 

26  to  40 

(Square 

(Square 

(Square 

nullimeters) 

millimetera) 

tnillimeters) 

0.52 

0.37 

0.32 

0.50 

0.37 

0.33 

0.49 

0.35 

0.28 

0.41 

0.34 

0.30 

0.40 

0.35 

0.36 

0.36 

0.35 

0.38 

0.34 

0.30 

0.38 

0.36 

0.37 

0.34 

0.44 

0.34 

0.40 

0.40 

0.40 

0.32 

0.50 

0.35 

0.49 
0.49 
0.48 
0.48 

0.31 

0.23 

0.26 

0.26 

0.47 
0.42 
0.40 
0.42 
0.36 

0.33 

0.33 

0.23 

0.23 

0.20 

0.23 

0.24 

0.23 

0.23 

Average 

0.44 

0.35 

0.29 

The  relation  between  the  size  of  vein  islets  in  these  cuttings  and  the 
age  of  the  original  vines  is  graphically  shown  in  curve  A  of  figure  57. 
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It  is  possible  that  many  of  the  cuttings  came  from  vines  on  the  boundary 
lines  of  the  age  groups,  instead  of  being  evenly  distributed  throughout 
the  whole  range  of  each  group;  but,  in  spite  of  this,  the  inherent  effect  of 
the  age  of  the  vine  is  plainly  seen. 


If 


120 


100 


80 
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0.30 


METHOD     FOR     DETERMINING     APPROXIMATE     AGE     BY     MEASUREMENT     OF 

VBINAGE 

In  addition  to  the  foregoing  investigation,  hundreds  of  field  measure- 
ments of  the  relation  between  the  size  of  islets  and  the  age  of  the  vine  were 
made,  in  five  different  summers,  about 
Cincinnati  and  Ithaca.  The  method 
used  was  simple,  and  well  adapted  to 
the  practical  nurseryman  and  fruit 
grower.  A  paper  clip  (called  the  cub 
tiger  clip)  was  procured  and  a  dis- 
tance of  two  centimeters  marked  along 
the  jaws.  A  piece  of  the  leaf  to  be 
examined  was  torn  out  from  between 
two  large  secondary  veins,  held  by  the 
clip  toward  the  light,  and  examined 
with  a  pocket  lens.  The  number  of 
veinlets  intersecting  the  edge  of  the 
jaw  in  a  distance  of  two  centimeters 
was  counted  in  several  places  on  the 
leaf  and  the  average  was  taken.  The 
result  of  these  observations  showed  that  such  an  average  gives  a  rough 
approximation  of  the  age  of  the  vine  on  which  leaves  have  grown,  as 
indicated  in  table  27: 


QTS 

•«  fi  0.20 


'"a 


10 


60 


20        30       40       SO 
AiEO  in  years 
Fig.  57. —  Curves  showing  {A)  senile  decrease 
in  size  of  vein  islets  in  leaves  borne  by  cul- 
Ungs  of  Vilis  vulpina,  and  (B)  senile  de- 
crease  in  ptdse  rate  in  human  beings 


TABLE  27.    Fisld  Method  of  Dbtbbminino  thb  Appboximate  Age  op  Vitis  tulpina 
Vines  from  the  Size  of  the  Vein  Islets  in  the  Leaves 

Number  of  veinlets 
interaectixig  a  straight 
fine  in  two  centimeters  Corresponding  age  of  vine 

30  to  35 5  years  or  less 

35  to  45 5  to  15  years 

45  to  50 15  to  35  years 

50  to  75 35  years  and  upward 
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While  this  method  is,  of  course,  not  so  free  from  error  as  the  photo- 
graphic method  —  since  only  a  fraction  of  the  actual  number  of  islets 
are  measured  and  a  lineal  instead  of  an  area  calculation  is  employed  — 
still  it  is  a  practical  method  for  general  use  in  field,  nursery,  and  orchard, 
such  as  was  originally  sought. 

In  about  one  per  cent  of  the  several  hundred  field  determinations  made 
and  checked  by  ring  counts,  serious  discrepancies  were  found.  It  is  pos- 
sible that  these  exceptional  vines  were  examples  of  such  extreme  varia- 
tions as  are  sometimes  found  in  other  specific  morphological  characters. 
A  number  of  other  species  of  perennial  plants  were  examined,  and  it  was 
found  that,  while  the  size  of  vein  islets  always  diminished  with  age,  the 
actual  size  of  the  islets  at  any  age  was  a  specific  character  relatively  con- 
stant in  each  species.  Such  individual  abnormal  plants  as  those  mentioned 
above  resemble  other  species  in  the  character  of  their  venation. 


COMPARISON   OF  SIZE   OF  VEIN   ISLETS  IN   PLANTS  OF  DIFFERENT  AGES,   IN 
VITIS  BICOLOR  AND  CERTAIN  OTHER  PLANTS 

The  results  of  a  preliminary  investigation  of  the  relation  between  age 
and  venation  in  some  woody  perennials  other  than  Vitia  wdpina  are 
given  in  the  following  pages. 

Size  of  vein  islets  in  Vitis  bicolor  Le  Conte 
The  vines  used  for  these  measurements  were  not  transversely  cut,  and 
the  only  guide  that  could  be  obtained  to  their  relative  ages  was  the 
diameter  of  the  stems.    They  were  all  growing  in  the  same  small  area, 
under  apparently  identical  conditions. 

TABLE  28.    Abxa  of  Vein  Ibletb  in  Leayss  of  Vitis  bicolor,  Vines  1  and  2 


Number  of  leaf 


Length 
(centimeters) 


Bieadth 
(oentimetere) 


Area 

(square 
centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  I,  25.5  centimeters  in  diameter 


1 
2 
3 
4 


17 

18 

200 

18 

17 

210 

16 

15 

170 

18 

18 

220 

2.0 
2.7 
2.6 
3.5 


0.2276 
0.2298 
0.2009 
0.2391 
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Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


5. 
6. 
7. 
8. 
9. 
10. 


Vine  1,  25.5  centimeters  in  diameter  (concluded) 


18 
14 
17 
17 
14 
19 


17 
15 
18 
20 
17 
10 


220 
147 
210 
230 
170 
260 


2.8 
2.0 
2.8 
3.4 
2.6 
2.6 


0.2256 
0.2127 
0.2041 
0.2113 
0.2418 
0.2291 


1 

Vine  2, 
13 
12 
13 
15 
13 
10 
14 
12 
11 
12 

3.8  centimeters  in  diameter 
15  .                140 

2.1 
1.5 
2.2 
2.2 
2.1 
1.1 
2.1 
1.2 
1.0 
1.5 

0.3810 

2 

13 
15 
15 
14 
13 
15 
12 
12 
13 

105 
135 
155 
125 

90 
145 
100 

85 
105 

0.4061 

3 

0.3818 

4 

0.3819 

5 

0.4021 

6      

0.3971 

7 

0.3818 

8 

0.3981 

9        

0.4001 

10 

0.3961 

Average  area  of  islets  for  vine  25.5  centimeters  in  diameter 0. 2312  square  millimeter 

Average  area  of  islets  for  vine  3.8  centimeters  in  diameter 0 .  3926  square  millimeter 


TABLE  29.    Abe  a  of  Vein  Islets  in  Leaves  of  Vrns  bicoloh,  Vines  3  and  4 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area    - 
(square 
centimeters) 


Weight 
(grams) 


Area  of 

islets 

(aquare 

millimeters) 


Vine  3,  15.3  centimeters  in  diameter 


1 
2 
3 
4 
5 
6 
7. 
8. 
9. 
10. 


12 

18 

160 

3.0 

0.3066 

13 

17 

165 

3.0 

0.3170 

14 

15 

150 

2.9 

0.3001 

13 

17 

165 

3.0 

0.3101 

13 

14 

115 

2.6 

0.2909 

13 

16 

145 

2.5 

0.2961 

12. 

16 

120 

2.7 

0.3106 

14 

15 

145 

3.1 

0.2989 

13 

16 

150 

2.9 

0.3179 

13 

16 

145 

2.8 

0.3091 
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Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 

centimeters) 


Weight 

(grams) 


Area  of 

islets 

(square 

millimeters) 


1 

Vine  4, 
14 
13 
13 
14 
14 
15 
15 
14 
13 
13 

2.5  centimeters  in  diameter 
16                  160 
16                  155 
16                  145 

16  160 
12                  125 

17  180 
17                  185 
17                  170 
17                  160 
14                  115 

2.2 
2.5 
2.1 
2.4 
20 
2.5 
2.1 
2.6 
2.2 
1.9 

0.4687 

2 

0.4865 

3 

0.4671 

4 

0.4881 

5 

0.4652 

6 

0.4721 

7 

0.4863 

8 

0.4769 

9 

0.4610 

10 

0.4713 

Average  area  of  islets  for  vine  15.3  centimeters  in  diameter 0.3057  square  millimeter 

Average  area  of  islets  for  vine  2.5  centimeters  in  diameter 0 .  4743  square  milUmeter 

TABLE  30.    Area  of  Vein  Islets  in  Leaves  of  Vitis  bicolor,  Vines  5  and  6 


Number  of  leaf 


Length 
(centimeters) 


Breadth 

(centimeters) 


Area 

(square 

centimeters) 


Weight 
(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  5,  20.4  centimeters  in  diameter 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1 
2 
3 
4 
5 
6 
7 
8 


13 
14 
14 
13 
12 
14 
13 
14 
11 
12 


16 
14 
16 
15 
15 
15 
16 
13 
15 
14 


155 
140 
160 
135 
120 
145 
140 
135 
120 
120 


Vine  6,  4.5  centimeters  in  diameter 


11 
10 
10 
10 
12 
12 
13 
13 


14 
14 
14 
12 
13 
14 
14 
15 


110 
105 
100 
90 
110 
115 
130 
135 


2.4 

0.3313 

1.7 

0.3000 

2.5 

0.3001 

2.2 

0.3139 

2.0 

0.3294 

2.0 

0.3012 

2.4 

0.3116 

1.8 

0.3285 

1.8 

0.3017 

1.4 

0.3123 

1.3 

0.3713 

1.2 

0.2867 

0.« 

0.3873 

1.2 

0.4013 

1.7 

0.3764 

1.7 

0.3971 

1.9 

0.3865 

2.0 

0.3871 
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TABLE  30  (concluded) 


Number  of  leaf 


Length 
(centimeters) 


Breadth 
(centimeters) 


Area 

(square 

centimeters) 


Weight 

(grams) 


Area  of 

islets 

(square 

millimeters) 


Vine  6,  4.5  centimeters  in  diameter  {conduded) 


9 

11 
13 

16 
14 

115 
135 

1.8 
0.8 

0.3763 

10 

0.3705 

Average  area  of  islets  for  vine  20.4  centimeters  in  diameter 0.3130  square  millimeter 

Average  area  of  islets  for  vine  4.5  centimeters  in  diameter 0.3740  square  millimeter 


TABLE  31.    SuififART  op  Data  for  Vitib  bicolor  Lb  Contb 

Diameter  of  vine  (in  centimeters) 

2.5 

3.8 

4  5 

15.3 

20  4 

25.5 

Size  of  islets  (in  square  millimeters) 

0.4743 

0.3926 

0.3740 

0.3057 

0.3130 

0.2312 

This  species  is  characterized  by  larger  vein  islets  than  those  of  Vitis 
vulpina,  but  exhibits  the  same  age-venation  relationship. 

Size  of  vein  islets  in  Tecoma  radicans  L. 
The  vines  of  Tecoma  radicans  examined  were  growing  in  a  private  yard- 
Those  that  were  20.4  centimeters  in  diameter  had  been  planted,  and  the 
smaller  ones  had  come  up  from  their  seeds.  The  size  of  islets  given  is  the 
average  for  ten  leaves  of  each  plant.  Here  again  the  vines  were  not  cut 
and  the  age  must  be  inferred  from  the  diameter  of  the  stem. 


TABLE  32.    Area  op  Vein  Islets  in  Tecoma  radicans 

Diameter  of  stem 

1.3  centimeters 

3.8  centimeters 

20.4  centimeters 

Square 
millimeters 
1.5 
1.4 
1.5 
1.6 

Square 
millimeters 
0.95 
0.97 
0.94 
0.98 
0.96 

Square 
millimetere 
0.62 
0.63 
0.68 
0.70 
0.67 

Average 

1.5 

0.96 

0.66 
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In  this  case,  as  in  the  case  of  Vitis  wipina  and  V.  bicolor,  the  more 
rapid  decrease  in  size  of  vein  islets  in  the  early  years  is  to  be  particularly 
noted.    The  significance  of  this  will  be  discussed  later. 

Another  interesting  observation  was  made  with  these  specimens  of 
Tecoma  radicans.  Among  the  seedlings  that  sprouted  around  the  parent 
vines,  root  shoots  from  the  old  vines  were  found  growing.  The  connection 
of  these  root  shoots  was  established  by  examination.  Although  seedlings 
and  root  shoots  seemed  equally  vigorous  and  could  not  be  distinguished 
from  each  other  at  first  sight,  a  venation  count  successfully  separated 
them,  since  the  root  shoots  all  showed  in  their  leaves  the  size  of  vein  islets 
characteristic  of  the  parent  plant,  while  those  of  the  seedlings  were  much 
larger.  This  fact  is  of  considerable  importance  in  its  bearing  on  the  cause 
of  these  differences,  as  will  be  indicated  later. 

Size  of  vein  islets  in  several  kinds  of  trees 
The  following  data,  as  is  evident,  represent  nothing  but  a  comparison 
of  a  few  trees  of  different  ages  that  were  growing  under  similar  external 
conditions,  and  the  results  are  interesting  merely  as  a  corroboration  of 
the  effect  of  age  in  decreasing  the  size  of  vein  islets  in  perennials: 

TABLE  33.    Relation  of  Size  of  Vein  Islets  to  Age  in  Salix  nigba  Mabsh 


Diameter  of  trunk  (in  centimeters) 

2.5 

15.3 

38.1 

Area  of  islets  (in  square  millimeters) . 

0.55 

0.4 

0.3 

The  largest  tree  was  probably  the  parent  of  the  others,  as  they  grew  in  an  isolated  place. 
TABLE  34.    Relation  of  Size  of  Vein  Islets  to  Aoe  in  Castanea  dentata  Borkb. 

Diameter  of  trunk  (in  centimeters) . . 

5.1 

12.7 

25.5 

61.2 

91.2 

Area  of  islets  (in  square  millimeters). 

1.0 

X).7 

0.5 

0.4* 

0.3 

*  The  tree  61 .2  oentimetera  in  diameter  had  been  cut  down,  and  the  leaves  examined  were  very  laiige  ones 
borne  on  luxuriant  water  q>routs. 

TABLE  35.    Relation  of  Size  of  Vein  Islets  to  Age  in  Quercus  alba  L. 

TKAmpfAr  ftf  tninlr  (\n  Mmf.imAtArR^ 

0.7 

40.8 

38.0 

Area  of  islets  (in  square  millimetAra)   .,.,...  ^ 

1.5 

0.3* 

0.3 

*  The  leaves  examined  were  much  larger  than  normal  sise,  being  borne  on  luxuriant  water  sprouts. 
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TABLE  36.    Rblation  or  Size  or  Vein  Islets  to  Age  in  Tilia  ajcericana  L. 


Diameter  of  trunk  (in  centimeters) 

7.6 

36.7 

Area  of  leaf  (in  square  centimeters) 

30.0 
0.04 

1,560.0 

Aieaof  islets  (in  square  millimeters) 

0.02 

In  the  latter  case  the  leaves  were  borne  by  water  sprouts  growing  from  the  stump  and  they 
were  fifty  times  the  sise  of  the  leaves  on  the  small  tree;  yet  the  sise  of  the  vein  islets  cor- 
responded to  the  age  of  the  plant. 

TABLE  37.    Relation  or  Size  or  Vein  Islets  to  Aqb  in  Ulmus  Americana  L. 


Diameter  of  trunk  (in  centimeters) 

30.6 

35.7"* 

Area  of  islets  rtn  soiiare  millimeters) 

0.8 

0  6 

The  use  of  the  field  method  is  shown  in  the  following  figures  obtained  from  the  same  species: 

Diameter  of  trunk  (in  centimeters) 

•     2.5 

5.1 

26.6 

61.2 

Number  of  intersections  in  2  centimeters 

38 

48 

54 

94 

TABLE  38.    Relation  or  Size  or  Vein  Islets  to  Aoe  in  Carta  alba  Eoch 

Diameter  of  trunk  (in  centimeters) 

22.8 

46.6 

N'lmber  of  intersections  in  2  centimeters 

40 

60-62 

TABLE  39.    Relation  or  Size  or  Vein  Islets  to  Age  in  Carta  ovata  Koch 

Diameter  of  trunk  (in  centimeters) 

2.6 

3.8 

20.4 

46.6 

Number  of  intersections  in  2  centimeters 

50 

66 

72 

88 

TABLE  40.    Relation  or  Size  or  Vein  Islets  to  Aoe  in  Acer  sagchariuic  L. 

Diameter  of  trank  (in  nAntitneter")   

1.3 

2.6 

30.6 

38 

Number  of  intersections  in  2  centimeters. . . . 

42 

52 

80 

88-94 

21 
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TABLE  41.    Relation  of  Sub  of  Vein  Islets  to  Aqb  in  Acer  sacgharum  Mabsh 


Diameter  of  trunk  (in  centimeters) 

2.5 

45.9 

61  2 

Nimiber  of  intersections  in  2  centimeters 

.  50 

74 

90 

TABLE  42.    Relation  of  Size  of  Vein  Islets  to  Aqb  in  Qubrgus  velutina  Lam. 

DiftmAtAT  of  tnink  (in  c«n*imfltflr«)             ,                     

2 

3.8 

76 

Number  of  intersections  in  2  centimeters 

50 

58 

84 

TABLE  43.    Relation  of  Size  of  Vein  Islets  to  Age  in  Platanus  ogcidentaus  L. 

T>iAmetpr  of  trunk  (in  centimeters) ,..,,,,,. 

5.1 

10.2 

20.6 

45.6 

Number  of  intersections  in  2  centimeters. . . . 

50 

• 

64 

68 

74 

TABLE  44.  Relation  of  Size  of  Vein  Islets  to  Age  in  Frazinus  Americana  L. 

Diameter  of  trunk  (in  centimeters) 

1.3 

30.6 

Number  of  int«nifi«tiona  in  2  nentimetera . 

40 

80 

Size  of  vein  islets  in  leaves  of  several  varieties  of  fruits  propagated 

by  cuttings 
If  age  affects  meristematic  tissue  in  seed-producing  plants,  the  cells 
of  the  scions  used  in  propagating  certain  varieties  of  fruits  must  be  affected. 
Unless  the  process  of  grafting  and  growth  on  seedling  stocks  restores 
the  youthful  condition  of  the  protoplasm  of  the  scion,  its  leaves  should 
show  a  size  of  vein  islets  typical  of  the  time  that  has  elapsed  since  the 
variety  originated  from  seed,  nbt  of  the  time  since  the  graft  was  made. 
The  application  of  this  venation  test  in  order  to  determine  the  physiological 
condition  of  present  cultivated  varieties  is  most  important,  but  Ues  beyond 
the  limits  of  the  present  paper.  However,  a  few  preliminary  tests  were 
made  of  the  relative  sizes  of  vein  islets  in  several  varieties  of  cultivated 
grapes  that  have  been  in  existence  for  different  lengths  of  time.    Through 
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the  kindness  of  Dr.  U.  P.  Hedrick,  of  the  New  York  State  Agricultural 
Experiment  Station  at  Geneva,  the  pedigreed  vines  growing  there  were 
placed  at  the  writer's  disposal,  and  table  45  is  based  on  them.'  The 
vines  of  Concord,  Worden,  Catawba,  and  Diana  were  of  equal  size,  and 
all  the  varieties  were  growing  under  apparently  identical  conditions  of 
environment. 

TABLE  45.    Size  of  Vein  Ibletb  in  Leaves  of  Six  Varieties  of  Cultivated  Grapes 


Variety 


Years 
since  origin 


Age  of 
individual 

plant 
examined 


Number  of 
intersecting 
veinlets  in  2 
centimeters 


Concord 

Worden  (Concord  seedling) 

Concord  seedling 

Catawba 

Diana  (Catawba  seedling) . . 
Diana  seedling 


70 
50 

7 

114 

63 

5 


14 
14 

7 
14 
14 

5 


58 
35 
82 

74 


The  size  of  the  vein  islet  in  these  determinations  is  evidently  related 
to  the  time  that  has  elapsed  since  the  last  seed  propagation.  Although  in 
the  case  of  four  of  these  varieties  many  generations  of  cutting  propagation 
had  intervened,  in  each  of  which  meristematic  tissue  had  been  removed 
from  contact  with  old  specialized  tissues,  nevertheless  the  decrease  with 
age  in  size  of  the  vein  islets  had  progressed  in  much  the  same  way  as 
if  contact  with  the  first  individual  of  the  variety  had  been  maintained. 

Further  applications  of  the  venation  test  to  cultivated  plants  will  be 
discussed  subsequently  in  this  paper.     (See  page  349.) 

CONCLUSIONS  REGABDIN6  THE  SIZE  OF  VEIN  ISLETS  AS  EVIDENCE  OF  THE 
OCCUBRENCE  OF  TRUE  SENILITT  IN  PERENNIAL  PLANTS 

The  results  of  this  study  of  the  leaf  venation  of  the  woody  perennials 
mentioned  have  demonstrated  that  the  size  of  the  vein  islets  constantly 
decreases  as  the  plant  grows  older.  The  only  physical  connection  between 
the  leaves  of  this  year  and  those  of  past  years  is  the  meristematic  tissue 

*  The  writer  deflires  to  thank  M.  J.  Doraey  and  R.  D.  Anthony  for  their  awstanoe  in  locating  cultivated 
plants  uaed,  and  for  the  data  regarding  the  agee  of  the  varieties  and  individuals. 
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from  which  all  are  developed  in  their  time.  If  this  change  in  the  size 
of  the  vein  islets  is  the  effect  of  progressing  senility,  then  the  constant 
changes  must  be  occurring  in  the  meristematic  tissue  of  the  plant,  and 
it  follows  that  this  tissue  must  no  longer  be  considered  immune  from 
senile  degeneration  and  from  death. 

There  remains  to  be  examined  the  possibility  that  the  change  in  size 
of  the  vein  islets  may  be  due  to  some  cause  other  than  the  progressive 
senile  degeneration  of  the  meristematic  tissue.  The  possible  causes  may 
be  grouped  into  two  divisions:  first,  changes  in  the  old  specialized  tissues 
of  perennial  plants;  second,  diflferences  in  external  conditions  resulting 
from  increasing  size  and  subsequent  difference  in  position  of  leaves. 

Is  it  possible  that  some  progressive  change  occurring  in  the  early 
specialized  tissues  of  the  root  or  the  stem  produces  the  decrease  in  size  of 
the  vein  islets,  and  therefore  no  senile  degeneration  of  meristematic 
tissue  need  be  considered?  Any  such  progressive  change  either  must 
interfere  with  the  transfer  of  materials  to  and  from  the  meristem  and 
the  developing  leaf,  or  must  act  through  the  production  of  toxic  products 
that  poison  the  meristem  and  the  leaf. 

If  the  decrease  in  size  of  the  vein  islets  is  caused  by  a  progressive  decrease 
in  the  efficiency  of  the  root  or  the  stem  as  absorbing  and  conducting 
organs,  then  not  only  the  venation,  but  the  size  and  development  of  the 
leaf  as  well,  should  be  affected.  The  leaves  and  the  shoots  of  Vitis  vulpina, 
however,  show  absolutely  no  signs  of  impaired  vigor  of  growth.  In  fact, 
the  leaves  and  the  shoots  of  very  young  vines  often  appear  smaller  and  less 
luxuriant  than  those  of  older  vines,  due,  no  doubt,  to  differences  of 
nutrition  received.  Furthermore,  data  given  show  no  relationship  between 
the  sizes  of  the  leaves  and  the  sizes  of  vein  islets.  The  water  shoots 
from  the  stumps  of  cut  trees  and  the  root  shoots  of  Tecoma,  mentioned 
above,  must  have  had  much  more  than  the  normal  supply  of  nutritive 
materials,  but  this  did  not  markedly  change  the  size  of  the  vein  islets. 
It  was  found  also  that  leaves  borne  by  cuttings  grown  under  identical 
conditions  showed  the  same  differences  in  venation  as  were  present  on  the 
original  vines  in  their  natural  habitat. 

It  should  not  be  overlooked  in  this  connection  that  the  leaves  are  not 
the  only  new  structures  being  constantly  produced  in  perennials.  The 
increase  in  nmnber  of  root  hairs  keeps  pace  with  the  number  of  leaves, 
and  the  increasing  circumference  of  the  newly  formed  zones  of  xylem 
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and  phloem  tends  to  keep  the  supply  up  to  the  demand.  In  most 
perennials  conduction  occurs  largely  through  tissues  that  have  been 
specialized  but  Uttle  longer  than  the  leaves.  In  the  plant,  as  in  the 
animal,  the  organs  present  have  a  capacity  above  the  ordinary  require- 
ments of  life,  and  therefore  senile  degeneration  in  function  can  continue 
for  some  time  before  the  point  is  reached  at  which  the  efficiency  drops 
below  the  daily  requirement.  This  interesting  point  will  be  considered 
again  under  the  section  dealing  with  carbohydrate  production. 

If  meristematic  tissue  does  undergo  senile  deterioriation,  then  cambium 
must  produce  less  efficient  conducting  tissue  as  time  goes  on,  and 
ultimately  its  efficiency  will  sink  to  a  point  at  which  the  leaves  will  begin 
to  suffer  from  lack  of  supplies  as  well  as  from  their  own  senile  degeneration, 
and  senile  death  will  come  apace.  In  these  experiments,  however,  the 
older  vines,  with  four  exceptions,  were  in  the  stage  of  vigorous  maturity 
and  evidently  had  not  reached  the  stage  of  inefficient  transport.  The 
idea  that  the  differences  in  size  of  vein  islets  is  primarily  due  to  difference 
in  efficiency  of  transport  in  older  parts  of  the  plant  must  therefore  be 
definitely  abandoned. 

The  possibiUty  of  the  production  of  toxic  substances  by  the  old  parts 
of  the  root  and  the  stem,  and  their  being  carried  up  to  poison  the  meri- 
stem  and  the  leaf,  is  a  fascinating  conception.  In  the  theory  of  senility 
which  Metchnikoff  (1908)  has  based  on  the  autotoxin  conception,  the 
source  of  the  toxin  is  said  to  be  in  man  the  large  intestine  and  in  annual 
plants  the  flower;  while  in  order  to  meet  the  conditions  of  the  present 
problem  with  perennials,  the  old  wood  and  bark  must  be  considered 
the  guilty  organs. 

It  is  possible  that  autol3rtic  changes  occur  in  the  cells  of  the  old 
specialized  tissues  of  the  wood  and  the  bark  with  the  production  of  various 
substances.  It  is  possible  also  that  some  of  these  substances  may  escape 
from  the  region  of  their  origin,  enter  the  transpiration  stream  and  be 
carried  to  buds  and  leaves,  and  accumulate  there  in  sufficient  concentra- 
tion to  affect  the  meristematic  tissue.  But  there  is  no  direct  evidence 
that  toxic  substances  are  produced  or  that  such  poisoning  occurs.  On 
the  contrary,  the  evidence  from  the  studies  of  venation  here  described 
is  directly  opposed  to  the  theory  that  the  changes  in  size  of  the  vein 
islets  are  due  to  contact  with  toxins  produced  from  the  old  specialized 
tissues  of  the  plant.    In  the  mature  leaves  of   Vitis  vulpina  growing 
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under  natural  conditions,  the  evident  luxuriance  of  growth  and  the  health- 
ful appearance  of  the  leaves  does  not  suggest  the  presence  of  toxins. 
Any  toxin  that  would  act  solely  on  the  venation  of  the  leaf  could  do  so 
only  through  mechanical  obstruction  of  the  vessels.  Since  any  toxins 
that  reach  the  leaves  must  be  soluble  and  readily  diffusible  through 
protoplasm,  such  obstructive  action  is  hardly  possible. 

The  fact  that  the  removal  of  cuttings  from  contact  with  the  old  vine 
and  their"  subsequent  growth  on  their  own  newly  developed  roots  did  not 
cause  a  distinct  increase  in  size  of  the  vein  islets  in  their  leaves,  is  a  con- 
vincing demonstration  of  the  inadequacy  of  the  toxin  theory.  If  leaves 
removed  from  contact  with  a  suspected  source  of  toxins  show  the  same 
characters  as  those  that  remain  in  contact  with  it,  then  the  absence  of  the 
suspected  toxins  is  established.  The  possibiUty  that  a  permanent  poison- 
ing may  have  been  produced  in  the  twig  before  it  was  removed  from  the 
vine  as  a  cutting,  is  opposed  to  the  universal  recuperative  power  that  all 
life  possesses.  The  growth  of  cuttings  on  their  own  roots  or  on  the  roots  of 
seedlings  establishes  the  conditions  needed  for  complete  recuperation  from 
the  effect  of  any  toxin  so  feeble  as  to  cause  no  evident  decrease  in  the  vigor 
of  growth,  even  when  contact  with  continuous  contamination  is  unbroken. 
The  cuttings  of  large  diameter  which  had  several  annual  rings  and  had 
therefote  been  subjected  to  any  possible  toxic  action  three  times  as  long 
as  had  cuttings  from  the  same  vine  with  one  ring,  produced  leaves  whose 
vein  islets  were  of  the  same  size  as  those  in  the  smaller  cuttings. 

The  idea  may  be  dismissed,  therefore,  that  conduction  of  toxic  products 
from  the  stem  into  the  leaves  is  the  primary  cause  of  the  decrease  in  size 
of  vein  islets  that  comes  with  age.  It  may  be  true  that  there  is  later  some 
effect  of  this  kind,  but  it  cannot  be  considered  the  primary  cause.  Of 
course,  when  the  trunk  is  decaying  or  is  suffering  from  the  attacks  of  other 
organisms,  the  toxins  produced  are  the  results  of  external  agencies  and  the 
case  is  one  of  disease,  not  senility.  Even  in  such  striking  cases  as  those 
in  which  great  hollows  are  formed  by  the  decay  of  the  heartwood,  the 
leaves  often  seem  to  be  suffering  no  toxic  action. 

It  is  possible  that  one  of  the  accompaniments  of  senility  is  an  increase 
of  toxic  products  in  the  cells.  But  if  such  were  the  case,  this  accumulation 
would  not  be  confined  to  any  one  class  of  cells,  but  would  occur  in  all 
cells  of  the  senile  organism.  The  cells  of  the  leaf  would  suffer  from  their 
own  toxic  products  as  the  plant  becomes  senile,  and  so  would  the  other 
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active  parts  of  the  plant.  The  failing  activity  of  each  would  then  hasten 
the  senile  degeneration  of  the  others,  but  would  not  be  the  primary  cause. 

It  seems  to  be  true,  from  the  facts  brought  out  in  the  foregoing  dis- 
cussion, that  the  change  with  age  in  the  size  of  the  vein  islets  in  the  leaves 
is  not  the  result  of  any  changes  that  have  occurred  in  the  old  specialized 
tissues  of  the  plant.  The  evidence  demonstrates  that  neither  decrease 
in  the  efficiency  of  excretion  nor  toxin  production  in  the  old  speciaUzed 
cells  can  account  for  the  change  in  venation.  There  remains  for  investi- 
gation the  possibility  that  the  changes  in  size  of  vein  islets  may  be  due  to 
the  increasing  size  of  the  plant  and  the  consequent  change  in  the  position 
of  the  leaves. 

In  the  case  of  the  paired  vines  of  Vitis  wlpina,  the  external  conditions 
were  much  the  same,  and  leaves  were  picked  which  had  been  growing 
under  similar  conditions  of  exposure  to  light.  Care  was  taken  also  that 
the  leaves  selected  were  growing  at  the  same  height  above  the  ground  and 
at  approximately  equal  distances  from  the  bases  of  the  vines.  The  leaves 
of  the  paired  vines  were  therefore  growing  under  much  the  same  external 
conditions  in  both  the  young  and  the  old  vines.  In  spite  of  this  fact 
they  showed  the  differences  in  venation  that  have  been  tabulated  above. 
Even  more  striking  is  the  evidence  from  root  shoots  and  water  sprouts 
of  various  plants,  the  leaves  of  which,  although  borne  close  to  the  ground, 
possessed  vein  islets  of  a  size  typical  of  the  age  of  the  stump.  The  sizes 
of  the  vein  islets  in  the  leaves  borne  by  cuttings  raised  under  identical 
conditions  furnish  the  final  conclusive  evidence  that  differences  in  external 
conditions  are  not  the  cause  of  the  change  of  venation  with  age. 

It  may  be  concluded,  therefore,  that  the  progressive  decrease  in  size 
of  vein  islets  which  accompanies  the  increasing  age  of  the  perennial  plants 
examined  is  caused  neither  by  changes  in  the  older  parts  of  the  plant  nor 
by  the  increasing  size  of  the  plant.  The  visible  change  in  venation  is 
therefore  the  result  of  a  progressive  change  in  the  cells  of  the  meristem 
and  of  the  leaf  which  is  inherent  in  the  nature  of  their  protoplasm.  Such 
inherent  progressive  change  in  animal  protoplasm  is  called  seniUty. 
Animal  seniUty  is  marked  by  an  initial  rapidity  and  later  slowing  of  its 
onset,  and  may  be  represented  by  a  curve  which  corresponds  to  the  lower 
half  of  a  parabola  with  the  equation  of  the  general  nature  of  (Y-A)*=  BX. 
In  such  a  curve  Y  represents  the  condition  of  function  or  structure,  X  rep- 
resents the  age,  and  A  and  B  are  specific  constants  for  the  case  in  question. 
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By  a  comparison  of  the  curve  of  decrease  in  size  of  vein  islets  and  that 
of  some  recognized  senile  degeneration  in  animals,  some  evidence  of 
the  significance  of  the  change  in  venation  may  be  obtained.  In  figure 
68  two  such  curves  are  shown,  curve  B  representing  the  senile  decrease 
in  rapidity  of  growth  of  guinea  pigs  from  birth  to  the  age  of  three  months, 
and  curve  A  representing  a  decrease  in  size  of  vein  islets  in  the  leaves  of 
Vitis  tndpina.    Both  curves  can  be  expressed  by  the  same  equation  with 

different  constants,  and  are  essen- 
tially of  the  same  type.  Similarly, 
figure  57  (page  315)  exhibits  the 
common  characters  of  a  senile  pro- 
gressive change  in  an  animal  activity 
and  the  progressive  change  in  ve- 
nation in  the  leaves  of  cuttings. 

The  elimination  of  other  possible 

causes  of  the  change  with  age  in  the 

size  of  vein  islets,  and  the  marked 

10     20    30     40    60    eo    70      similarity  to  typical  senility  in  ani- 

Aite  in  year,  of  Viti.  vuh.lo.  vine,  ^^^  ^^^  y^^  ^^  ^^^  ^j  j^ 

Fig.  58. — Curves  shototng  {A)  aenue  decrease  m  .,  xt_   i.    j.^ 

sue  of  vein  islets  in  leaves  of  Vitu  vidpina,  ress,  IS   Strong   evidence  that   the 
and  (B)  senile  decrease  in  rale  of  yroti^  of  Yeskl  cause  is  Senile  degeneration  of 

guinea  pigs  ,  .  •       •  i      j»    i 

the  menstematic  tissue  and  of  the 
cells  of  the  leaf.  That  the  increase  with  age  of  vascular  tissue  in  the  leaf 
is  a  degeneration  as  regards  physiological  activity  will  be  made  plain. 


COMPARISON  OF  PHOTOSYNTHETIC  ACTIVITY  IN  LEAVES  OF  YOUNG  AND 

OF  OLD  PLANTS 

It  has  been  shown  by  Schuster  (1908)  that  the  veinlets  are  of  Uttle 
or  no  importance  in  the  mechanical  support  of  the  leaf.  If,  therefore,  the 
increase  in  the  proportion  of  vascular  tissue  and  the  consequent  decrease 
in  photosjmthetic  cells  result  in  a  decrease  of  photosynthetic  activity, 
the  change  in  venation  with  age  is  a  loss  without  any  compensation. 
Such  a  loss  in  photosjmthetic  activity  must  obviously  accompany  the 
decrease  in  photosynthetic  cells  unless  the  latter  improve  in  efficiency 
as  rapidly  as  they  decrease  in  amount. 

In  animals  the  specialized  cells  persist  for  the  entire  length  of  life  of  the 
organism,  and  therefore  an  increase  in  efficiency  of  the  specialized  functions 
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may  occur.  There  are  two  principal  causes  for  such  an  improvement, 
both  resulting  from  repeated  exercising  of  the  special  activity  involved. 
The  first  is  the  improvement  in  concerted  action  between  the  different 
specialized  tissues  involved  in  even  the  simplest  activity.  The  second 
is  the  increase  in  size  and  power  of  the  specialized  cells  concerned,  which 
not  only  continues  as  long  as- the  original  impetus  of  vital  activity  persists, 
but  is  stimulated  by  the  mutual  interaction  of  related  tissues.  The  benefit 
of  practice  in  athletics,  for  example,  is  due  to  improved  coordination  in 
action  of  muscles,  nerves,  heart,  lungs,  and  kidneys,  as  well  as  to  the 
increased  speciaUzed  power  that  exercise  stimulates  in  the  cells  of  the 
tissues  of  these  organs.  In  animals,  therefore,  the  increase  in  efficiency 
is  due  to  a  longer  period  of  interaction  and  development  of  specialized 
tissues. 

The  specialized  tissues  in  the  leaf  of  the  old  vine  have  neither  worked 
longer  together,  nor  had  a  longer  period  of  development,  than  the 
specialized  tissues  in  the  leaf  of  the  young  vine,  and  therefore  there  is  no 
possibiUty  of  any  such  increase  in  efficiency  of  any  of  their  tissues  as 
that  which  may  occur  in  animals.  Decrease  in  assimilating  tissue  means, 
therefore,  a  decrease  in  the  amount  of  carbohydrate  production  by  the 
leaf. 

In  order  to  get  actual  figures  on  this  point  a  number  of  determinations 
were  made  of  the  increase  in  weight  during  daylight  by  the  leaves  of  old 
and  of  young  plants.  As  the  leaves  of  the  cuttings  were  reserved  for  another 
purpose,  the  leaves  of  the  paired  vines  had  to  be  used.  Since  in  only  a 
relatively  few  cases  a  sufficient  number  of  leaves  with  identical  exposure 
to  light  could  be  obtained,  the  determinations  are  too  few  to  give  more 
than  a  general  corroboration  of  the  reasoned  effect  of  the  change  in 
venation.  The  impossibility  of  using  gasometric  methods  on  a  wide 
range  of  wild  vines  justifies  the  use  of  a  method  that  is  not  strictly  accurate, 
but  that  is  capable  of  giving  at  least  relative  results.  The  method  used 
was  to  punch  disks,  with  a  Ganong  leaf  cutter,  from  both  sides,  the  base, 
and  the  apex  of  each  of  a  number  of  selected  leaves  on  the  paired  vines 
in  the  morning,  and  again  at  night,  carefully  drying  the  disks  for  three 
days  at  80^  C,  and  determining  the  gain  in  weight  as  a  percentage  of 
the  weight  of  the  morning  disks.  Only  relative  results  were  sought  for, 
and  therefore  no  system  for  measuring  light  intensity  or  recording  tem- 
perature was  used.    The  disks  were  killed  by  steam  inmiediately  after 
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punching,  and  the  various  standard  precautions  were  observed  in  their 
manipulation.    The  results  with  the  paired  vines  are  shown  in  table  46: 

TABLE  46.    Vines  with  6  and  20  Rings  Compared  as  to  Increase  in  Dry  Weight 

IN  Light 


Vine  with  6  rings . . 
Vine  with  20  rings . 


Vines  with  6  and  20  rings 
...I  98  1  0.2244 

...I  104  0.3099 


0.2530 
0.3163 


12.7 
2.1 


Vine  with  20  rings . 
Vine  with  40  rings . 


Vines  with  20  and  40  rings 
..I  95  I  0.3623 

95  0.2752 


0.3966 
0.2996 


Vine  with  8  rings . 
Vine  with  25  rings . 


52 


0.1520 
0.1912 


0.1642 
0.1900 


9.2 
8.9 


Vines  with  8  and  25  rings 
(The  day  on  which  this  comparison  was  made  was  cloudy  and  dark) 


8.0 
0.6 


Vine  with  6  rings. . 
Vine  with  20  rings . 


Vines  with  6  and  20  rings 
...I  35  1  0.1761 

35  I  0.1460 


0.2024 
0.1560 


14.9 
6.8 


Vine  with  5  rings . . 
Vine  with  25  rings . 


Vines  with  5  and  25  rings 
...|  45  1  0.1230 

50  I  0.1394 


0.1336 
0.1356 


8.6 
-2.0 


Vines  with  8  and  24  rings 


Vine  with  8  rings . . 
Vine  with  24  rings. 


35 


0.0632 
0.1844 


0.0854 
0.1860 


2.6 
0.9 


These  determinations  were  made  late  in  August,  and  are  doubtless 
low  in  percentage  of  gain  for  all  the  vines  as  contrasted  with  carbohydrate 
formation  earlier  in  the  growing  season.  This  does  not  militate  against 
the  results  furnishing  a  fair  comparison  between  the  old  and  the  young 
vines.  In  fact,  it  tends  to  make  the  test  a  more  delicate  one.  On  very 
dark  days  the  leaves  of  the  old  vines  were  not  able  to  produce  as  much 
carbohydrate  as  was  used,  while  on  the  same  days  the  leaves  on  the  young 
vines  adjacent  were  able  to  make  at  least  a  small  gain. 
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The  vines  with  20  and  40  rings,  used  in  the  second  experiment,  are 

not  included  in  the  following  summary,  as  both  belong  to  the  same  class 

and  no  results  from  young  vines  on  the  same  day  were  obtained  from 

vines  adjacent  to  them: 

Average  gain  for  leaves  of  vines  with  from  5  to  8  rings 9.4  per  cent  gain  in  weight 

Average  gain  for  leaves  of  vines  with  from  20  to  25  rings 1.4  per  cent  gain  in  weight 

A  comparison  between  the  carbohydrate-producing  power  of  leaves 
in  different  stages  of  development  on  vines  of  Vitis  wlpina  gave  the 
following  results: 

Avenge  gain  for  leaves  from  2.5  centimeters  long  to  mature,  6  rings 13.3  per  cent 

Average  gain  for  leaves  from  2.5  centimeters  long  to  mature,  15  rings 9.2  per  cent 

A  comparison  between  leaves  of  Ampdopsis  veUchii  eight  years  old 
and  nineteen  years  old^  growing  on  a  south  wall  with  as  nearly  identical 
light  exposure  as  could  be  obtained  by  any  means,  gave  average  results 
as  follows: 

Average  gain  for  leaves  of  vine  eight  years  old 15.1  per  cent 

Average  gain  for  leaves  of  vine  nineteen  years  old 9.7  per  cent 

CONCLUSIONS  REGABDING  RELATIVE  RATE  OP  CARBOHYDRATE  PRODUCTION 

IN  THE  LEAVES  OF  YOUNG  AND  OP  OLD  VINES   OP  VITI8  VULPINA 

AND  AMPELOPSIS  VEITCHII 

While  the  difficulty  of  obtaining  leaves  with  identical  Ught  relations 
on  adjacent  vines  of  different  ages  limited  the  experiments  to  but  few 
in  number,  the  unvarying  result  of  the  tests  is  strong  evidence  in  support 
of  the  statement  made  above,  that  senile  deterioration  is  occurring  in 
the  leaves  of  perennials.  It  is  not  probable  that  translocation  is  more 
rapid  in  the  leaves  of  old  plants  than  in  those  of  young  plants.  The 
number  of  large  veins  is  not  increased,  and  the  increase  in  number  of 
veinlets  probably  only  keeps  pace  with  a  decrease  in  the  rate  at  which 
materials  can  diffuse  through  the  cells  of  the  leaf,  as  will  be  explained 
subsequently. 

RATE  OF  ELIMINATION  OF  CARBON  DIOXIDE  IN  PICKED  LEAVES  OF 
VmS  VULPINA  OF  DIFFERENT  AGES 

It  seemed  possible  that  a  comparison  of  the  rate  at  which  C£U*bon  dioxide 
is  eliminated  from  the  leaves  of  old  and  of  young  vines  would  give  some 
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evidence  of  the  relative  katabolic  activity  of  the  two  stages.  Since 
as  near  the  normal  respiration  as  is  possible  in  detached  leaves  was  desired, 
care  was  taken  not  to  subject  the  leaves  to  other  disturbing  conditions. 
The  method  was  as  follows:  Ten  healthy,  mature  leaves  of  each  vine 
to  be  studied  were  picked  and  were  taken  at  once  to  the  laboratory.  Here 
they  were  carefully  wiped  clean  of  dust  with  a  soft,  dry  cloth,  the  petioles 
were  cut  off  at  the  base  of  the  blades,  and  the  blades  were  weighed.  £^h 
set  of  ten  leaves  was  then  placed  in  an  air-tight  respiration  chamber. 
The  respiration  chamber,  a  4-Uter  bottle,  was  suppUed  with  air  which 
had  been  drawn  in  turn  through  a  gas-washing  bottle  employed  as  a 
safety  and  through  a  gas-washing  bottle  filled  with  a  concentrated  solution 
of  potassium  hydrate.  The  air  leaving  the  respiration  chamber  was 
passed  through  a  calcium-chloride  tower  for  the  purpose  of  removing 
its  water  vapor,  then  through  a  potash  bulb,  then  thi-ough  another  calcium- 
chloride  tower,  and  finally  through  another  safety.  The  air  current 
was  provided  by  means  of  an  aspirator  with  a  regulated  outflow. 

Eight  series  of  this  type  were  set  up  side  )}y  side  in  such  a  way  that 
temperature  conditions  were  the  same  for  all.  Tests  of  old  and  of 
young  leaves  were  run  simultaneously,  and  frequent  blanks  in  the 
different  series  were  employed  as  checks.  The  leaves  were  so  arranged 
in  the  containers  as  to  prevent  their  packing  together  and  thus  possibly 
giving  rise  to  such  heat  production  as  MoUsch  (1908)  describes.  The 
containers  were  covered  with  black  paper.  The  experiments  were 
brought  to  a  close  as  soon  as  any  indication  of  injury  to  the  leaves 
appeared. 

In  tables  47  to  51  the  percentage  given  in  the  last  column  is  based 
on  the  green  weight  of  the  leaf  and  the  weight  of  the  carbon  dioxide  col- 
lected in  the  potash  bulbs  and  reduced  to  the  average  per  hour  for  the 
entire  time  of  the  test.  It  represents,  therefore,  the  hourly  percentage 
of  carbon  dioxide  eliminated  from  the  green  leaves.  This  rate  will  be 
lower  than  if  the  dry  weight  of  the  leaves  could  have  been  used.  Since 
this  could  not  be  obtained  l)efore  the  experiment,  and  the  leaves  at  the 
end  of  the  test  had  undergone  respiratory  losses,  the  use  of  the  green 
weight  as  the  basis  of  calculation  was  necessary.  The  leaves  from  the 
younger  vines  contain  a  greater  percentage  of  water  than  do  those  from 
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the  older  ones;  therefore  the  use  of  dry  weight  as  the  basis  would  show 
a  still  greater  difference  in  favor  of  the  rapidity  of  production  of  carbon 
dioxide  in  the  younger  vines  than  is  evidenced  in  the  following  data, 
in  which  the  green  weight  is  used.  / 

Weighings,  and  determinations  of  percentage  of  carbon  dijoxide 
eUminated»  were  made  at  the  intervals  stated  in  the  tables,  in  which 
also  the  total  percentage  of  carbon  dioxide  eliminated  is  given.  This 
total  percentage  is  figured  as  the  average  rate  of  elimination  per  hour 
for  the  entire  period  of  the  test. 

TABLE  47.    Rate  of  Elimination  of  Carbon  Dioxide  from  Picked  Lbayss  of  Vrns 

VULPINA  WITH  20|   6,   AND  8   RiNOB 


Age 

Weight 
often 
leaves 

(grams) 

Weight  in  grams  of  carbon  dioxide  eliminated 
in  sucoessiye  periods  of 

Total 
number 
of  hours 

Percentage 

of  carbon 

dioxide 

(years) 

22)  hours 

26i  hours 

46}  hours 

23i  hours 

per  green 
weight 
per  hour 

20 

6 

8 

26.6 
33.3 

48.7 

0.2744 
0.6507 
0.5662 

0.0534 
0.0665 
0.1270 

0.2374 
0.3478 
0.3904 

0.0676 
0.1086 
0.4060 

119i 
119l 
119i 

.020 
.032 
.026 

TABLE  48.    Rate  of  Euiunation  of  Carbon  Dioxide  from  Picked  Leaves  of  Vins 
VULPINA  WITH  5,  6,  25,  8,  25,  20,  and  8  Rings 


Age  (years) 

Weight 
often 
leaves 
(grams) 

Weight  in  grams  of  carbon  dioxide 

Total 
number 
of  hours 

Percentage 

of  carbon 

dioxide 

20  hours 

23  hours 

26  hours 

per  green 

weight 

per  hour 

5 

6.5 
7.4 
14.6 
20.0 
26.5 
12.0 
9.8 

0.0778 
0.0211 
0.0870 
0.0637 
0.0076 
0.0125 
0.0092 

0.0917 
0.0408 
0.2115 
0.2456 
0.2286 
0.1819 
0.2540 

0.0678 
0.1288 
0.1765 
0.2504 
0.4424 
0.1462 
0.1262 

69 
69 
69 
69 
69 
69 
69 

0.052 

6 

0.038 

25 

0.047 

8    

0.041 

25 

0.037 

20 

0.041 

8 

0.057 

.  ,.      k-^- 
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TABLE  49.    Rate  of  Elimination  of  Carbon  Dioxide  fbom  Picked  Lbaybb  of  Vins 
vuLPiNA  with  56,  27,  5,  8,  and  7  Rings 


Age  (years) 

Weight 
often 
leaves 
(grams) 

Weight  in  grams  of  carbon  dioxide 
eliminated  in  successive  periods  of 

Total 
number 
of  hours 

Percentage 

of  carbon 

dioxide 

17i  hours 

22  hours 

5  hours 

per  green 

weight 

per  hour 

66 

8.2 
17.0 

7.1 
18.0 

9.3 

0.0104 
0.0768 
0.0492 
0.0682 
0.1406 

ooooo 

ooooo 

441 
44i 
44i 
44i 
44i 

0.026 

27 

0.028 

5 

0.030 

8 

0.020 

7 

0.060 

TABLE  50.    Rate  of  Eluhnation  of  Carbon  Dioxide  from  Picked  Leaves  of  Vitib 
VULPINA  WITH  24,  8,  21,  7,  10,  10,  23,  and  6  Rings 


A^ 

(years) 

Weight 
often 
leaves 
(grams) 

Weight  in  grams  of  carbon  dioxide  eliminated 
in  successive  periods  of 

Total 
number 
of  hours 

Percentage 
of  carbon 
dioxide 

19i  hours 

24  hours 

51  hours 

20  hours 

per  green 

weight 

per  hour 

24 

8 

21 

7 

10 

10 

23 

5 

22.1 
10.8 
30.5 
22.3 
15.0 
25.3 
14.4 
7.7 

oooooooo 

0.1334 
0.0814 
0.2812 
0.1350 
0.1548 
0.1398 
0.1009 
0.0692 

oooooooo 

oooooooo 

114i 
114i 
114i 
1141 
114i 
1141 
114i 
114i 

0.021 
0.021 
0.031 
0.016 
0.039 
0.015 
0.017 
0.025 

TABLE  51.    Rate  of  Elimination  of  Carbon  Dioxide  from  Picked  Leaves  of  Vms 

VULPINA  WITH  6,  9,  18,  AND  20  RiNGS 


Age  (years) 

Weight 
often 
leaves 

(grams) 

Weight  in  grams  of  carbon  dioxide 
eliminated  in  successive  periods  of 

Total 
number 
of  hours 

Percentage 

of  carbon 

dioxide 

5i  hours 

16i  hours 

32i  hours 

per  green 

weight 

per  hour 

6 

9.2 
15.3 
16.2 
11.2 

0.0468 
0.0282 
0.0645 
0.0113 

0.0632 
0.0606 
0.0407 
0.0354 

0.0932 
0.1598 
0.1938 
0.0789 

54 
54 
54 
54 

0.041 

9 

0.030 

18 

0.034 

20 

0.023 
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TABLE  52.    Summabt  of  Rssth/tb  on  Rate  of  ELnrwAnoH  of  Oasbon  Dioxide  from 
Picked  Lsayes  of  Vrna  vxjlpina  of  Different  Ages 


Average  age  of  young  vines  uaed 

Average  age  of  older  vines  used 

Number  of  determinations  made 

Average  length  of  each  determination 

Rate  of  elimination  of  carbon  dioxide  in  young  vines. 
Rate  of  elimination  of  carbon  dioxide  in  older  vines. . 


7.3  years 
25.4  years 
92 
23.86  hours 


.0349  per  cent  per  hour 
.0297  per  cent  per  hour 


The  general  average  for  the  plants  tested  indicates  that  the  rate  of 
elimination  of  carbon  dioxide  from  the  picked  leaves  was  about  17  per 
eent  more  rapid  in  the  yomig  plants  than  in  the  older  ones.  Any  function 
so  complex  as  respiration  is  affected  by  many  factors.  While  conditions 
were  identical  in  these  tests  as  regards  external  conditions,  and  while  the 
results  doubtless  indicate  a  true  difference  in  the  metabolic  power  of  the 
respective  tissues,  nevertheless  irregularities  are  present  which  point  to 
differences  in  some  factor  other  than  age.  The  amount  of  water  present 
is  certainly  one  of  these  differences. 

The  respiratory  values  here  shown  do  not  necessarily  indicate  a  slower 
katabolic  activity  on  the  part  of  each  individual  cell  of  the  leaf.  This 
may  or  may  not  be  the  case.  The  total  decrease  for  the  leaves  of  the  older 
plants  is  doubtless  due  in  part  to  the  lesser  total  volume  of  parenchym- 
atous tissue  in  them  as  compared  with  that  in  the  leaves  of  the  younger 
plants.  Whatever  the  cause  of  the  slower  respiration  in  the  older  leaves, 
its  presence  may  indicate  that  the  leaves  of  the  younger  vines  are  more 
efficient  organs. 

The  evidence  presented  seems  to  show  that  the  encroachment  with  age 
of  vascular  tissue  on  the  space  occupied  by  photosynthetic  cells  in  the  leaf 
of  a  young  plant  results  in  decreasing  assimilation  and  respiration.  The 
decrease  in  size  of  the  vein  islets  is  therefore  a  real  degeneration  in  the 
structure  of  the  leaf,  just  as  the  invasion  of  connective  tissue  into  the 
higher  tissues  in  senile  aninials  is  a  degeneration.  As  the  replacement 
of  photosynthetic  tissue  by  vascular  cells  progresses  with  age,  each  new 
crop  of  leaves  will  be  less  efficient  in  the  production  of  carbohydrates  than 
the  preceding  crop;  and  ultimately  the  plant  will  begin  to  suffer  from  lack 
of  food,  and  if  no  other  cause  of  death  intervenes  it  will  in  time  starve  to 
death.  The  rapidity  of  the  progress  of  senile  degeneration  in  plants  varies 
with  the  species,  as  it  does  in  animals,  h\it  ultimately  senile  death  will  occur. 
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It  is  not  possible  at  present  to  state  the  precise  nature  of  the  change  in 
meristematic  cells  which  forces  the  production  of  more  vascular  tissue  at 
the  expense  of  parenchymatous  tissue.  Later  in  this  paper  an  attempt 
at  an  explanation  will  be  made. 

IMBIBITION  OF  WATER  BY  POWDERED  LEAVES  OF  YOUNG  AND  OF 

OLD  VINES 

The  amount  of  water  imbibed  by  the  powdered  tissues  of  leaves  gives 
an  indication  only  of  the  relative  water-holding  capacity  of  the  Uving 
leaves.  Is  there  any  difference  in  the  behavior  of  leaves  from  young  and 
from  old  vines  toward  water  of  imbibition? 

A  large  number  of  leaves  were  collected  from  various  vines  of  Vitis 
wijnna  with  from  six  to  eight  rings  and  from  twenty  to  twenty-five  rings. 
These  leaves  were  ground  fine  in  a  meat  grinder.  Each  ground  mass  was 
immersed  in  acetone  for  ten  minutes,  filtered  under  suction,  and  dried  in 
a  crucible  for  three  days  at  a  temperature  of  90°  C.  The  dried  masses 
were  then  thoroughly  pulverized  in  a  mortar  to  the  same  degree  of  fineness, 
the  heavier  veins  and  the  more  numerous  veinlets  of  the  older  material 
requiring  more  grinding  than  the  younger.  There  were  thus  obtained 
about  100  grams  of  leaf  powder  from  the  younger  vines  and  the  same 
quantity  from  the  older  ones.  The  individual  vines  were  not  kept  sepa- 
rate but  all  those  of  similar  age  were  mixed  together. 

DEGREE  OF  IMBIBITION  WITH  DISTILLED  WATER 

In  order  to  determine  the  degree  of  imbibition  of  water  by  powdered 
leaves  from  young  and  from  old  vines  the  procedure  adopted  was  as 
follows:  In  three  graduated  glass  tubes  was  placed  0.5  gram  of  the 
powder  from  leaves  of  young  vines,  and  into  three  other  tubes  the  same 
quantity  of  powder  from  leaves  of  old  vines.  Distilled  water  was  added 
to  each.  The  material  from  young  vines  increased  in  bulk  from  a  height 
of  30  millimeters  to  one  of  60  millimeters,  while  that  from  old  vines 
increased  only  from  25  to  38  millimeters;  the  percentage  increase  of  the 
leaves  from  the  young  vines  being  66,  and  that  of  the  leaves  from  the 
old  vines  being  only  52. 

This  result  proved  to  be  a  constant  one,  there  being  minor  variations 
in  the  percentages,  but  the  powder  from  the  young  leaves  always  averaging 
about  14  per  cent  greater  absorption.    This  difference  might  be  due  to  a 
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greater  power  of  imbibition  in  the  cellulose  and  protoplasm  of  the  young 
tissues,  or,  as  Fischer  (1910)  has  shown,  to  a  greater  degree  of  acidity  in 
the  younger  cells.  That  Fischer's  results  for  animal  colloids  hold,  to  some 
degree  at  least,  for  plant  colloids,  is  indicated  by  the  following  test:  In 
the  bottom  of  each  of  six  graduated  glass  tubes  was  placed  0.2  cubic  cen- 
timeter of  leaf  powder  from  the  old  leaves,  and  into  each  tube  was  poured 
2  cubic  centimeters  of  distilled  water  or  of  the  concentrations  of  oxalic 
acid  indicated  below.  The  concentration  of  oxalic  acid  is  expressed  in 
terms  of  gram-molecular  solution.    The  results  are  shown  in  table  53: 


TABLE  63. 


Effect  of  Different  Concentrations  of  Oxalic  Acid  on  Absorption 
OF  Water  bt  Powdered  Leaves 


Test  tube 

Time 
(hours) 

Height 

of  column 

of  swollen 

powder 

(centimeters) 

A 

Distilled  water 

24 
24 
24 
24 
24 
24 

2.8 

B 

0 .  005  oxalic  acid » 

3.8 

c 

0 .  02  oxalic  acid , 

4.5 

D 

0 . 1  oxalic  acid 

3.8 

E 

0.6  oxalic  add 

3.3 

F 

Distilled  water 

2.7 

The  swelling  was  greater  in  the  weak  acids  than  with  distilled  water, 
and  reached  a  maximum  at  0.02  molecular  solution  of  oxalic  acid. 

The  fact  that  the  powder  from  the  young  leaves  swells  more  than 
that  from  the  old  leaves  may  therefore  be  due  to  the  fact  that  the  leaves 
of  the  young  vines  are  richer  in  some  organic  acid  than  are  those  of  the 
old  vines. 

RELATIVE  ACIDITY  OF  THE  YOUNG  AND  THE  OLD  POWDERED  LEAVES 

In  each  test  tube  0.2  gram  of  powder  was  placed,  2  cubic  centimeters 
of  distilled  water  was  added,  and  the  test  tube  was  shaken.  The  acidity 
of  the  water  was  then  neutralized  by  titrating  with  0.1  normal  KOH, 

22 
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phenolphthalein  being  used  as  an  indicator.    The  powder  does  not  in 
any  way  interfere  with  the  use  of  this  indicator. 

TABLE  54.    RsLiiTiVB  Aciditt  of  Leaf  Powdeb  fbom  Young  Ain>  from  Old  Vines 


Amount  (in  cubic  centimeters)  of  0.1  normid  KOH  solution  required  to  neutraliie  0.2 

gram  of 

Powder  of  young  leaves 

Powder  of  old  leaves 

2.8 

1.4 

2.8 

1.6 

2.6 

1.6 

2.0 

1.6 

2.0 

1.6 

2.0 

1.6 

2.0 

1.3 

19 

1.3 

Average 2.2 

Average 1.5 

The  powder  from  the  leaves  of  the  young  vines,  therefore,  has  a  greater 
degree  of  acidity  than  that  from  the  leaves  of  the  old  plants.  This  is  a 
distinct  difference  between  the  leaves  of  plants  of  different  ages.  The 
significance  of  this  difference  as  regards  physiological  activity  cannot  be 
certainly  indicated.  It  may  affect  the  degree  of  turgidity  and  the  permea- 
biUty  of  the  cells  of  the  leaves. 

IMBIBITION  AFTER  NEUTRALIZATION 

In  order  to  see  whether  the  greater  acidity  was  the  sole  cause  of  the 
greater  swelling,  experiments  were  made  in  first  neutralizing  the  solution, 
then  washing  it,  and  then  adding  0.02  molecular  solution  of  oxalic  acid 
and  noting  whether  differences  in  swelUng  still  appeared.  In  these  experi- 
ments 0.2  gram  of  leaf  powder  was  placed  in  each  test  tube  and  2  cubic 
centimeters  of  distilled  water  was  added.  Each  solution  was  then  neutral- 
ized with  0.1  normal  K0&  and  washed.  Two  cubic  centimeters  of  0.02 
molecular  solution  of  oxalic  acid  was  then  added,  with  a  trace  of  th3niiol, 
and  the  tubes  were  left  for  twenty-four  hours.  The  wet  powder,  after 
being  gravity-drained  for  five  minutes  in  the  inverted  test  tube,  was 
weighed  and  the  percentage  of  imbibed  water  was  calculated  as  a  per- 
centage of  the  weight  of  the  dry  powder.  The  results  are  shown  in 
table  55: 
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TABLE  55.    Amount  of  Water  Imbibed  bt  Leaf  Powdbr  fbom  Vines  with  from  6  to 

8  AND   FROM  20  to   25   RiNQS 

KOH 

(cubic 

centimeters) 

Oxalic 

acid 

(2  grams  oO 

Height  of 

column 

(milUmeters) 

Weight  of 

imbibed 

water 

(grams) 

Percentage 

of  imbibed 

water 

YouDg  leaves 
1  

2.00 
2.00 
1.95 

1.40 
1.35 
1.30 

2.80 
2.80 
2.50 
2.00 
2.00 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

.02  mol.  sol. 
.02  mol.  sol. 
.02  mol.  sol. 

.02  mol.  sol. 
.02  mol.  sol. 
.02  mol.  sol. 

.02  mol.  sol. 
.02  mol.  sol. 
.02  mol.  sol. 
.02  mol.  sol 
.02  mol.  sol. 

.02  mol.  sol. 
.02  mol.  sol. 
.02  mol.  sol. 
.02  mol.  sol. 
.02  mol.  sol. 
.02  mol.  sol. 

63 
53 
54 

46 
42 

0.9968 
0.9298 
1.0018 

0.9458 
0.7948 
0.8168 

0.9588 
0.9852 
0.9847 
1.0194 
0.9141 

0.6076 
0.6692 
0.7512 
0.5875 
0.8054 
0.9938 

498.4 

2 

464.9 

3 

535.9 

Old  leaves 
1 

472.9 

2 

397.4 

3 

408.4 

Young  leaves 
1 

474.4 

2 

479.1 

3 

492.4 

4    

509.7 

5 

457.1 

Old  leaves 
1 

303.8 

2 

339.6 

3 

375.6 

4 

293.8 

5 

402.7 

6          

496.9 

General  average  of  percentage  of  imbibed  water  for  young  leaves 489 . 0  per  cent 

General  average  of  percentage  of  imbibed  water  for  old  leaves 387 . 9  per  cent 

The  substance  of  the  younger  leaves  has  a  greater  mherent  property  of 
imbibing  water  than  that  of  the  older  leaves.  Some  of  this  difference, 
no  doubt,  is  due  to  the  greater  proportion  of  vascular  tissue  present  in 
the  older  leaves,  but  the  difference  in  percentage  of  imbibition  seems  to 
be  greater  than  would  be  caused  by  the  difference  of  vascular  tissue.  This 
greater  capacity  of  imbibing  water,  if  present  in  living  leaves,  must  play 
a  part  in  the  distribution  of  substances  among  the  cells,  as  well  as  directly 
affect  other  activities  of  the  protoplasm. 

OTHER  EVIDENCES  OF  SENILITY 
The  investigations  on  veinage,  photosynthetic  activity,  respiration, 
and  imbibition  point  to  the  conclusion  that  leaves  of  old  vines  have  suf- 
fered senile  d^eneration  and  that  they  are  less  ef&cient  organs  than  leaves 
of  young  plants.  Since  such  a  very  marked  character  as  veinage  is  al- 
tered by  age,  it  is  probable  that  other  differences  exist  between  leaves  of 
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young  and  of  old  vines.  A  certain  number  of  observations  niade  indicate 
that  there  are  other  structural  and  cell  differences,  and,  while  the  evidence 
is  not  fully  conclusive,  it  is  at  least  suggestive  and  tends  to  further  support 
the  idea  that  senile  changes  occur  in  the  leaves  of  Vitis.  The  observa- 
tions are  herewith  recorded. 

COMPARISON  OF  NUMBERS    OF  STOMATA    IN   LEAVES  OF  YOUNG  AND  OF  OLD 
VINES  OF  VITIS  VULPINA 

Comparisons  of  numbers  of  stomata  per  square  millimeter  were  made 
with  leaves  borne  by  cuttings  grown  in  distilled  water  under  identical 
greenhouse  conditions.  Thin  flakes  of  epidermis  were  removed  with  a 
very  sharp  razor  from  different  leaves  of  different  cuttings,  were  mounted 
in  water,  and  were  measured  as  to  the  number  of  stomata.  From  each 
flake  a  vein  islet  of  rectangular  form  was  selected,  its  area  measured,  the 
number  of  stomata  counted,  and  the  number  to  the  square  millimeter  cal- 
culated.   The  results  are  shown  in  table  56: 

TABLE  66.    Comparison  of  Number  op  Stomata  in  Leaves  op  Vitis  vulpina 


Number  of  stomata  to  1  square  milKmeter  in 

6  vines  with 

from  5  to  7 

rings 

4  vines  with 

from  8  to  10 

rings 

6  vines  with 

from  20  to  30 

rings 

82 
100 
133 
115 
115 
112 
165 

96 
119 
107 
112 
157 
115 
124 
144 

86 
105 

105 
128 
138 
112 
125 
120 
150 
125 
155 

247 
314 
288 
266 
266 
246 
266 
292 
300 
290 

330 

256 

314 

314 

247 

Average 

117 

129 

282 

It  has  been  sho 
(1908)  that  the  s« 

wn  by  Mer  (1886), 
ime  species  of  leaf 

by  Dufour  (1886) 
possesses  more  stc 

,  and  by  Schuster 
mata  to  a  unit  of 
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surface  when  growing  in  strong  light  than  when  growing  in  the  shade,  and 
Brenner  (1902)  has  stated  that  at  first,  when  leaves  are  moved  into  the 
shade,  the  increase  in  their  size  due  to  greater  humidity  causes  the  stomata 
to  become  farther  apart,  but  that  later  new  Anlagen  are  formed  and  the 
number  is  brought  back  ahnost  to  that  found  in  sun-lit  leaves.  The  dif- 
ferences in  number  of  stomata  per  square  millimeter  on  the  leaves  of  Vitis 
wdpina  given  above,  however,  cannot  be  due  to  any  difference  in  light 
exposure  or  humidity  or  available  water,  since  the  leaves  used  were  borne 
on  cuttings  grown  under  identical  conditions.  It  was  noted  also  that  the 
average  size  of  the  apertures  of  the  stomata  decreases  with  age,  as  does 
also  the  size  of  the  guard  cells.  The  figures  given  in  table  57  were 
obtained  from  accurate  measurements  made  on  the  same  material  as  was 
used  for  counting  stomata.  Since  the  width  of  the  apertures  varies  directly 
with  the  degree  to  which  the  stomata  are  open,  while  the  length  of  the 
apertures  is  approximately  the  same  at  all  times,  the  measurement  selected 
as  best  representing  the  size  of  the  stomata  was  the  long  diameter  of  the 
stomatal  opening  between  the  guard  cells.  Measurements  of  the  width  of 
the  apertures  of  stomata  when  fully  extended  indicated  that  the  relation 
of  the  long  to  the  short  diameter  was  much  the  same  in  both  young  and 
old  vines.  The  long  diameters  of  the  stomata  can  therefore  be  used  as  a 
measure  of  the  size  of  the  apertures. 

TABLE  67.    Size  of  Stomata  in  Vitis  Vulpina  of  Different  Ages 


Long  diameter  of  aperture  in 

6  vines  with 

6  vines  with 

from  5  to  7  rings 

from  20  to  30  rings 

(microns) 

(microns) 

18.3 

9.2 

14.6 

9.2 

14.6 

• 

11.0 

18.3 

12.8 

18.3 

9.2 

14.6 

9.2 

18.3 

11.0 

14.6 

12.8 

22.0 

9.2 

18.3 

11.0 

14.6 

12.8 

14.6 

9.2 

18.3 

9.2 

14.6 

11.0 

14.6 

Average 

14.6 

Average 

16.6 

....     10.8 
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COMPARISON    OF  SIZfiS   OF  PALISADE    CELLS    IN   LEAVES  OF  TOUNG  AND  OF 
OLD  VINES  OF  VITIS  VULPINA 

The  ceUs  of  the  palisade  layer  are  much  more  regular  in  size  and  form 
than  any  others  in  the  leaf,  and  therefore  best  adapted  for  the  determi- 
nation of  the  effect  of  increasing  age  on  the  size  of  the  cells  of  the  leaf. 
In  table  58  the  measurement  given  is  the  length  of  the  cell  measured 
perpendicularly  to  the  surface  of  the  leaf,  as  seen  in  cross  section. 

TABLE  58.    Size  of  Cells  of  the  Palisade  Later  of  Leaves  of  Young  and  of  Old 

Cuttings  of  Viws  Vulpina 


For  3  vines 

For  3  vines 

with  5  rings 

with  20  rings 

(microns) 

(microns) 

14.6 

11.0 

11.0 

11.0 

11.9 

11.0 

11.9 

9.0 

12.8 

11.0 

11  9 

14.6 

12.1 

10.0 

11.9 

11.0 

11.0 

9.0 

12.0 

9.0 

11.0 

9.0 

146 

9.0 

11.0 

Average 

9.0 

Average 

12.2 

10.3 

The  cells  of  the  palisade  layer  thus  show  a  distinct  decrease  in  size 
even  in  the  leaves  of  the  plants  twenty  years  old,  which  are  in  their  vigor-, 
ous  maturity.  The  guard  cells  of  the  stomata,  in  the  cases  observed,  also 
show  the  same  change  in  size  with  age.  Tbis  change  in  size  shown  by 
the  two  most  regular  cells  of  the  leaf  is  seemingly  apparent  in  all  the  pho- 
tosynthetic  cells  as  well.  As  regards  the  cells  of  the  veinlets,  this  decrease 
in  size  with  age  is  doubtful  and  will  require  more  study.  It  is  possible 
that  the  physiological  stimulus  which  calls  forth  an  increasing  development 
of  vascular  tissue  in  the  older  plants  may  likewise  so  stimulate  the  develop- 
ment of  the  vascular  cells  as  to  neutralize,  for  a  time,  the  tendency  toward 
a  reduced  size.    Some  evidence  to  this  effect  has  been  observed. 

These  few  observations  indicate  that  possibly  there  is  a  difference 
in  number  of  stomata  in  the  leaves  of  young  and  of  old  vines,  together 
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with  changes  in  guard  cells  and  palisade  cells.  The  results  are  not  con- 
clusive enough  to  permit  of  definite  conclusions,  and  the  inadequacy 
of  the  evidence  does  not  warrant  any  explanation  of  its  significance. 
SuflSce  it  to  say  that  an  increased  number  of  stomata  with  smaller  aper- 
tures, while  not  permitting  greater  diffusion  of  carbon  dioxide  or  oxygen 
than  the  stomata  of  young  leaves,  would  be  a  benefit  to  the  plant  in  bring- 
ing a  larger  area  of  palisade  cells  in  closer  proximity  with  air  chambers. 
If  the  permeability  is  decreased  in  the  cells  of  leaves  of  old  vines,  then  a 
larger  number  of  stomata  per  unit  area  would  tend  to  counterbalance 
the  defect  of  decreased  permeability.  The  stimulus  to  the  production  of 
an  increased  number  of  stomata  cannot  be  otherwise  explained  at  the 
present  time. 

KELATIVE    MASS    OF    NUCLEUS    AND    CYTOPLASM  IN   CELLS  OF  THE   LEAF  IN 
YOUNG  AND  IN  OLD  VINES  OF  VITIS  VULPINA 

It  will  be  remembered  that  the  advance  of  senility  in  animal  cells  is 
marked  by  a  decrease  in  the  relative  amount  of  nuclear  material  as  com- 
pared with  the  amount  of  cytoplasm.  Difficulty  was  experienced  in  making 
such  a  comparison  in  the  cells  of  the  leaf,  because  of  individual  differ- 
ences in  the  sizes  of  the  nuclei  of  adjacent  cells.  The  rapidity  with  which 
a  cell  is  working  is  indicated  usually  by  temporary  changes  in  the  size 
of  its  nucleus.  The  cells  in  the  assimilating  tissues  of  the  leaf  seemed  to 
be  in  different  stages  in  each  preparation,  and  the  differences  were  great 
enough  to  render  doubtful  the  value  of  averages.  The  cells  that  did 
show  some  uniformity  in  this  respect  were  the  border  parenchyma  cells 
of  the  veinlets,  and  a  series  of  measurements  was  made  of  these  with  the 
following  results: 

Proportion  of  cytoplasm  to  nucleus  in  vine  with  from  5  to  7  rings,  388  to  1 
IVoportion  of  cytoplasm  to  nucleus  in  vine  with  from  20  to  30  rings,  478  to  1 

The  great  difference  in  the  lengths  of  these  cells  makes  the  calcula- 
tions, even  in  the  border  parenchyma  cells,  unsatisfactory.  This  compar- 
ison between  nuclear  and  cytoplasmic  material  can  probably  be  carried 
out  with  greater  accuracy  on  the  meristematic  tissue  in  the  stem.  In 
the  investigation  of  the  effect  of  age  on  the  tissues  of  the  stem,  which  will 
be  the  next  phase  of  the  problem  attacked,  a  careful  study  of  the  propor- 
tion of  cytoplasm  to  nucleus  will  be  made. 
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SUMMARY 

1.  The  size  of  vein  islets  in  the  leaves  of  Vitis  mdpina  is  independent 
of  the  area  and  thickness  of  the  leaves,  and  is  influenced  only  slightly 
by  differences  of  exposure  to  light. 

2.  The  vein  islets  in  the  leaves  of  Vitis  mdpina  become  smaller  as  the 
vine  becomes  older.  This  decrease  in  size  of  vein  islets  is  due  to  en- 
croachment of  vascular  tissue. 

3.  Leaves  borne  on  plants  vegetatively  reproduced  show  vein  islets 
similar  to  the  plant  from  which  the  original  cuttings  were  secured.  Only 
plants  reproduced  sexually  show  vein  islets  larger  than  those  of  the 
parents. 

4.  The  same  difference  with  age  in  the  size  of  vein  islets  occurs  in  Vitis 
bicolor,  and  apparently  in  a  considerable  number  of  other  woody  perennials. 

5.  The  decrease  in  size  of  vein  islets  means  reduction  in  number  of 
photosynthesizing  cells,  and  the  evidence  shows  that  for  leaves  of  old  vines 
there  is  a  decrease  in  the  rate  of  photosynthesis. 

6.  There  is  also  a  decrease  in  the  rate  of  respiration  (evolution  of  carbon 
dioxide)  in  picked  leaves. 

7.  Leaves  of  young  vines  have  a  greater  capacity  for  imbibing  water 
than  have  leaves  of  old  vines,  which  may  be  the  result  of  less  vascular 
tissue  in  the  former. 

8.  There  is  probably  an  increase  with  age  in  the  number  of  stomata  per 
square  millimeter. 

9.  There  is  probably  a  decrease  with  age  in  size  of  stomatal  aperture 
and  of  guard  ceUs. 

10.  There  is  probably  a  decrease  with  age  in  size  of  palisade  cells. 

11.  There  is  probably  a  decrease  with  age  in  the  mass  of  nuclei  of  border 

parenchyma  cells. 

DISCUSSION 

It  is  believed  that  the  evidence  presented  is  fairly  conclusive  that  the 
changes  discussed  are  due  neither  to  external  factors  nor  to  internal  factors 
other  than  those  produced  in  the  meristematic  tissues  by  age,  and  that 
they  must  therefore  be  ascribed  to  the  action  of  true  senile  degeneration 
of  the  type  found  in  animals.  The  positive  evidence  that  these  changes 
are  senile  ones  rests  on  three  fundamental  similarities  which  they  show 
to  senile  degenerations  occurring  in  animals:  the  first  marked  similarity 
is  that  the  rate  of  change,  as  shown  by  tables  and  curves,  is  strikingly 
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similar;  the  second  is  the  fact  that  such  physiological  activities  as  are 
common  to  both  plants  and  animals — respiration,  for  example — show  the 
same  changes  with  age ;  the  third  is  the  nature  of  the  morphological  changes. 
Although  the  structure  of  these  plants  is  so  different  from  that  of  animals 
that  detailed  comparisons  in  but  few  specific  organs  can  be  made,  never- 
theless the  recognized  theories  of  the  causes  of  the  senile  changes  in  animal 
structure,  if  apphed  to  plant  organs,  would  call  for  such  morphological 
degenerations  as  have  been  shown  in  this  paper  to  exist  in  the  leaves. 
Since  these  theories  are  given  later,  their  apphcation  to  this  point  will 
not  be  repeated  here.  In  the  case  of  senile  changes  in  cells,  while  the 
proportion  between  the  mass  of  nucleus  and  that  of  cytoplasm  in  young 
and  in  old  leaf  cells  of  Vitis  vuLpina  was  not  determined  without  possible 
error,  the  considerable  change  in  the  proportion  found  with  age  seems  too 
great  to  be  ignored.  The  nature  of  the  change  in  nuclear  mass  in  these 
leaf  cells  is  the  same  as  that  found  in  animal  cells. 

When  considered  in  its  entirety,  the  evidence  that  these  changes  are 
visible  expressions  of  senile  degeneration  in  the  meristematic  protoplasm 
seems  to  be  reasonably  substantial.  At  any  rate,  any  other  explanation 
of  these  changes  in  the  leaf  would  be  much  more  difficult  to  maintain. 

If  this  be  granted,  it  will  be  interesting  to  apply  these  tests  of  age  to 
the  long-disputed  problem  of  the  effect  of  continued  vegetative  propaga- 
tion as  compared  with  that  of  seed  propagation.  Heretofore  no  evidence 
of  senility  could  be  used  that  was  not  open  to  the  objection  that  it  might  be 
merely  the  e£Fect  of  some  external  agency. 

significance  of  senile  changes  to  the  problem  op  the  bunning-out 
OF  vegetatively  propagated  fruits 

The  first  publication  of  importance  regarding  the  possibility  of  senile 
deterioration  was  that  by  Thomas  Andrew  Knight  (1795),  who  attributed 
to  this  cause  the  gradual  failure  of  different  varieties  of  apples  and  pears. 
Having  tried  experiments  in  grafting  scions  from  young  and  from  old 
seed-grown  trees  of  different  ages.  Knight  decided  that  the  cuttings  were 
directly  influenced  by  the  age  of  the  plant  from  which  they  were  taken. 
He  concluded  that  a  variety  propagated  by  cuttings  would  not  be  vigorous 
much  beyond  the  age  of  the  parent  tree.  He  turns  to  nature  for  a  most 
interesting  support  of  his  theory  regarding  the  inherent  defect  of  vege- 
tative reproduction.    Certain  trees,  he  says,  such  as  the  aspen  and  some 
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others,  send  up  a  multitude  of  shoots  from  the  roots,  while  most  of  the 
wild -trees  are  limited  to  seed  propagation;  and  he  adds,  "Were  a  tree 
capable  of  affording  an  eternal  succession  of  healthy  plants  from  its 
roots,  I  think  our  woods  must  have  been  wholly  over-run  with  those 
species  of  trees  which  propagate  in  this  manner,  as  those  scions  from  the 
roots  always  grow  in  the  first  three  or  four  years  with  much  greater  rapidity 
than  seedling  plants." 

In  1810  Knight  published  a  paper  entitled  On  the  Parts  of  Trees  Pri- 
marily Impaired  by  Age,  in  which  he  makes  the  following  statement: 
"  I  am,  therefore,  much  disposed  to  attribute  the  diseases  and  debility 
of  old  age  in  trees,  to  an  inability  to  produce  leaves,  which  can  efficiently 
execute  their  natural  office  ....  It  is  true  that  the  leaves  are  annually 
reproduced,  and  therefore  annually  new;  but  there  is,  I  conceive,  a  very 
essential  difference  between  the  new  leaves  of  an  old,  and  of  a  young 
variety." 

Following  Knight's  first  paper  (1796)  many  observations  which  agreed 
or  disagreed  with  his  results  were  reported  in  English  and  Continental 
horticultural  and  gardening  publications.  None  of  these  reports  were 
more  than  casual  notes. 

The  first  paper  of  interest  after  Knight's  was  that  by  Jessen  (1855), 
who  strongly  supported  Knight's  theory  and  introduced  the  term  sarte 
to  include  all  the  plants  grown  from  the  cuttings  of  a  parent  plant. 
He  believed  that  all  the  members  of  a  scrte  would  grow  old  together. 

In  some  degree  the  results  of  Bouche  and  BoUe  (1875)  supported  Knight 
in  the  case  of  the  cultivated  olive  tree. 

The  first  paper  to  make  a  serious  attack  on  the  theory  was  that  pub- 
lished by  Sorauer  in  1877.  Sorauer  maintained  that  cuttings  showed 
the  same  ty^  of  differences  among  themselves  that  seedlings  did,  and 
might  serve  the  same  purpose  without  producing  serious  degeneration. 

In  1882  Hildebrand  published  a  long  discussion  on  the  duration  of 
life  in  plants  and  the  effect  of  various  external  factors  in  increasing  or 
decreasing  to  some  degree  the  constitutional  duration.  While  this  paper 
is  full  of  interesting  facts  regarding  this  point,  it  nowhere  touches  the 
problem  of  senility  as  affecting  constitutional  duration,  and  therefore 
Hildebrand's  results  do  not  directly  concern  the  present  study. 

Burgerstein  (1895)  made  some  observations  on  the  relation  of  v^eta- 
tive  propagation  to  degeneration,  arguing  against  its  possibility. 
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The  best  review  of  the  whole  question  is  by  Mobius  (1897),  who  cites 
at  considerable  length  the  various  observations  on  the  conditions  of  those 
cultivated  plants  of  to-day  which  have  long  been  vegetatively  propa- 
gated. His  conclusion  is  that  no  senile  deterioration  in  such  plants  has 
been  proved  to  exist.  He  maintains  that  meristematic  tissue  is  true  em- 
bryonic tissue  in  the  same  sense  as  is  the  tissue  in  the  embryo  sac,  and 
that  there  is  no  theoretical  reason  why  propagation  by  cuttings  should 
be  different  in  its  results  from  that  by  seeds.  He  believes  that  it  has  been 
shown  by  various  published  accounts  that  the  banana,  the  grape,  the  date 
palm,  the  fig,  and  the  Chinese  yam  {Dioscorea  batatas)  ^  have  been  propa- 
gated for  from  two  thousand  to  four  thousand  years  by  means  of  vegeta- 
tive methods  without  degeneration.  The  number  of  writers  which  he  cites 
is  very  large  and  could  be  greatly  increased,  but  practically  none  of  these 
reports  can  be  considered  as  offering  evidence  of  value. 
*  It  is  evident,  therefore,  that  the  problem  is  still  unsolved.  It  must  be 
remembered  that  the  lowest  plants  known  to-day  are  apparently  sexless, 
and  capable  of  vegetative  reproduction  only.  There  can  be  little  doubt 
of  their  ability  to  propagate  their  kind  continuously  over  long  periods 
of  time.  Only  in  those  plants  and  animals  which  have  developed  sexuality 
and  sexual  reproduction,  can  the  question  of  possible  degeneration  through 
long-continued  vegetative  propagation  be  seriously  raised.  Undoubtedly 
sexual  reproduction  efficiently  rejuvenates  protoplasm.  Apparently  it  is 
also  true  that  rejuvenescence  is  accomplished  in  the  primitive  sexless 
plants  by  an  equally  efficient  method.  In  those  higher  plants  that  have 
lost  their  sexuality,  it  is  possible  that  the  loss  of  sexuality  has  been  ac- 
companied by  the  regaining  of  a  more  primitive  method  of  rejuvenescence. 
It  is  in  the  seed-producing  cultivated  plants,  the  varieties  of  which  are 
v^etatively  propagated,  that  the  problem  of  the  relative  eflSciency  of 
the  two  methods  in  rejuvenating  protoplasm  is  presented  with  the  least 
degree  of  complication. 

First,  therefore,  such  cultivated  plants  as  the  grape  and  the  date  should 
be  dealt  with,  and  later  the  more  complicated  cases,  such  as  the  Dioscorea. 
The  records  of  the  cultivation  of  the  seed-producing  fruits  are  not  sufficiently 
complete  to  assure  beyond  question  that  the  varieties  which  have  been 
so  long  cultivated  have  not  been  replaced  at  intervals  by  seedlings.  To- 
day, for  example,  countless  seedlings  of  Concord  grapes  are  being  grown. 
Some  of  these  develop  into  plants  ahnost  identical  in  vine  and  fruit  with 
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the  original  CJoncord.  It  is  not  beyond  the  bounds  of  possibility  that  some 
grape  grower  might  confuse  such  a  seed-produced  vine  with  a  true  Concord 
graft.  The  younger  vine  might  be  utilized  as  a  source  for  cuttings,  and 
these  in  time  might  displace  the  older  stock  without  any  one's  being 
the  wiser.  The  possiblity  of  such  propagation  was  greater  in  the  past 
than  it  is  to-day,  and  holds  for  every  seed-producing  cultivated  plant. 
It  is  possible,  therefore,  that  some  of  the  seed-producing  plants  which  are 
cited  as  conclusive  evidence  of  the  harmlessness  of  long-continued  vege- 
tative propagation  have  been  sexually  propagated  at  intervals. 

The  recognition  of  degeneration  in  cultivated  varieties  is  rendered 
difficult  by  the  very  long  life  attained  by  woody  perennials  as  compared 
with  the  life  of  man.  Many  trees  have  a  natural  life  spanning  several 
generations  of  men.  Such  plants  would  show  little  change  in  a  single 
generation.  The  possibility  of  using  the  data  gathered  by  the  preceding 
generation  as  a  test  of  deterioration  of  fruits  to  be  utilized  by  following 
generations  has  been  practically  impossible  in  the  past.  The  only  criteria 
of  degeneration  known  in  the  past  have  been  such  characters  as  yield  of 
fruit  and  resistance  to  disease — ^in  other  words,  characters  that  are  pro- 
foundly affected  by  external  conditions  as  well  as  by  internal  ones.  It 
is  evident  that  such  characters  cannot  enable  the  growers  of  one  genera- 
tion to  accurately  compare  the  past  and  the  present  conditions  of  any 
varieties.  Since  investigators  of  to-day  cannot  make  a  mathematical 
summation  of  the  combined  effects  of  all  the  external  factors  that  are 
operating  throughout  a  season  on  a  given  plant,  the  inherent  weakness 
of  past  comparisons  needs  no  further  comment.  And  yet  all  the  arguments 
concerning  the  problem  of  the  effect  of  vegetative  propagation  have  been 
based  on  such  comparisons  and  on  theoretical  considerations. 

The  chief  theoretical  assumption  opposing  the  idea  of  degeneration 
through  long-continued  vegetative  propagation  in  cultivated  fruits  has 
been  that  of  the  immunity  of  meristematic  tissue  to  senile  changes.  The 
results  of  the  present  study  of  the  senile  changes  in  the  leaves  of  ViHs 
vulpina  argue  against  the  truth  of  this  assumption.  What  is  of  greater 
importance,  in  its  practical  application,  is  the  discovery  of  specific  mor- 
phological changes  in  the  leaves  as  the  plant  grows  old,  which  appear  to 
be  independent  of  external  conditions  and  therefore  available  for  use  as 
tests  of  the  physiological  condition  of  the  plant.  It  is  hoped  that  the 
change  in  venation  will  prove  in  practice  to  be  applicable  to  a  wide  range 
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of  cultivated  plants  as  a  practical  and  convenient  method  for  the  deter- 
mination of  the  degree  to  which  senile  degeneration  is  present  in  any 
specific  plant  or  variety  of  fruit.  Whether  it  is  also  applicable  as  a  test 
for  the  effect  of  apogamy  has  not  been  investigated. 

While  the  purposes  of  this  paper  do  not  include  the  application  of  its 
findings  to  vegetatively  propagated  cultivated  fruits,  a  few  examinations 
of  the  venation  of  the  leaves  of  certain  varieties  were  made  as  prelim- 
inary tests  and  the  results  are  given  in  table  69.  The  results  obtained  in 
the  case  of  six  varieties  of  grapes  have  already  been  stated,  but  for  conven- 
ience will  be  repeated  in  the  table.  All  plants  examined  were  pedigreed 
plants  growing  in  the  orchards  of  the  New  York  State  Experiment  Station 
at  Geneva,  New  York,  to  which  the  writer  had  access  through  the  kind- 
ness of  Dr.  Hedrick  and  his  assistants. 


TABLE  59. 


Size  of  Vein  Islets  in  Seysbal  yABiBTiss  of  Fbuits  Pbopaoatbd  bt 
CumNGS 


Variety 


Number  of 

years  sinoe 

origin 


Age  of  plant 
examined 
•(years) 


Number  of 

intersecting 

veinlets  in 

2  centimeters 


Concord  grape 

Worden  (Concord  seedling) 

Concord  seedling 

Catawba  grape 

Diana  (Catawba  seedling) 

Diana  seedling 

Lady  apple 

Baldwin  apple 

Hubbardston  apple 

Hubbardston  seedling 

Seckel  pear 

Seckel  seedling , 

St.  Catherine  plum! 

Italian  Prune  plum 

Green  Gage  plum  seedling 

Jefferson  plum  seedUng 

Red  Cheek  (Red  Cheek  Melocoton)  peach 

Late  Crawford  peach 

Elberta  peach 


70 

50 

7 

114 

63 

5 

300 

92 

82 

15 

100 

7 

215 

100 

15 

2 

100 

50 

25 


14 

14 

7 

14 

14 

5 

18 

18 

18 

15 

20 

7 

10 

10 

15 

2 

8 

8 

8 


06 

58 

35 

82 

74 

38 

49+ 

41 

45 

30 

54+ 

38 

52 

48 

33 

16 

85+ 

53 

41 


In  the  cases  of  the  Seckel  pear  and  the  Red  Cheek  peach  the  veinlets 
were  too  intricately  branched  to  be  accurately  counted. 
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The  leaves  used  for  these  data  were  picked  at  approximately  the  same 
height  from  the  ground  and  care  was  taken  that  all  had  the  same  light 
exposure;  so  that  conditions  in  each  were  as  nearly  alike  as  possible.  The 
soil  and  the  cultivation  were  apparently  the  same  for  each.  Ten  leaves  were 
picked  from  each  tree  and  the  venation  count  given  in  the  table  is  the 
average  of  the  ten.  At  the  time  the  venation  coimt  was  made  the  writer 
did  not  know  the  respective  ages  of  the  varieties.  An  arrangement  of 
the  varieties  in  the  order  of  their  venation  count  proved  an  accurate  fore- 
cast of  the  respective  varietal  ages  as  subsequently  learned. 

In  so  far  as  this  preliminary  test  goes,  therefore,  it  supports  the  view 
that  propagation  by  cuttings  does  not  prevent  the  progress  of  senile  degen- 
eration in  the  tissue  of  the  cuttings.  A  number  of  interesting  points 
suggest  themselves  on  examination  of  table  59.  In  the  case  of  the  peach, 
probably  the  shortest-lived  fruit  represented  in  the  table,  it  seems  signif- 
icant that  the  rate  of  decrease  in  size  of  vein  islets  is  more  rapid  than  in 
any  of  the  others.  Some  species  seem  to  have  an  original  size  of  vein 
islets  greater  than  closely  related  varieties.  It  is  possible  that  such  an 
initial  large  size  of  islet  is  a  mark  of  physiological  vigor,  and  indicates 
greater  constitutional  strength  and  a  longer  productive  life  than  is  the 
case  with  those  plants  with  smaller  islets.  This  point  might  well  be  con- 
sidered by  plant  breeders  in  selecting  breeding  strains.  On  the  other  hand, 
some  varieties — the  grape,  for  example — seem  to  show  a  marked  slowing 
of  the  rate  of  decrease  in  size  of  islets  after  maturity,  and  thus  attain  a 
considerable  age  in  spite  of  the  rather  small  initial  size  of  the  islets. 

The  possibility  of  determining  the  age  of  a  plant  by  the  size  of  the 
vein  islets  in  the  leaves  opens  the  way  to  a  comprehensive  determination 
of  the  present  physiological  condition  of  the  different  varieties  of  fruits. 
The  results  obtained  from  the  study  of  Vitis  mdpina  and  the  preliminary 
tests  of  cultivated  fruits  seem  to  indicate  that  all  varieties  of  fruits  now 
vegetatively  propagated  must  in  time  run  out.  A  wise  provision  for  the 
future  of  the  fruit  industry  must  therefore  include  an  investigation  into 
the  physiological  condition,  as  regards  senile  degeneration,  of  each  variety. 
Such  a  study  may  show  some  varieties  to  be  capable  of  some  d^ree  of 
rejuvenescence  through  processes  similar  to  those  found  in  sexless  plants, 
or  it  may  show  that  all  are  doomed  to  extinction.  Certainly,  the  deter- 
mination of  the  fact  is  important.  If  certain  varieties  must  shortly  show 
deterioration,  plant  breeders  must  pay  particular  attention  to  developing 
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seedlings  capable  of  replacing  them.  Such  seedlings  having  been 
developed,  their  propagation  by  cuttings  may  then  be  continued  until 
physiological  deterioration  again  appears  and  recourse  to  a  new  seedling 
variety  is  necessary.  It  may  thus  be  possible  to  so  classify  and  control 
cultivated  fruits  that  all  loss  from  d^eneration  may  be  accurately  fore- 
seen and  prevented. 

Before  leaving  the  subject  of  the  effect  of  vegetative  propagation  on 
different  varieties,  it  may  be  well  to  point  out  that  in  those  cases  in  which 
senile  degeneration  has  progressed  so  far  that  the  conduction  of  nutritive 
materials  to  the  leaves  is  markedly  interfered  with,  the  removal  of  a  scion 
and  its  insertion  into  a  seedling  stock  should  result  in  an  improvement 
in  its  nutritive  supply.  This  may  produce  a  certain  increase  in  activity, 
but  not  rejuvenescence  since  the  cells  of  the  scion  are  not  changed. 

The  effect  of  vegetative  propagation  on  plants  other  than  fruits,  potatoes, 
hops,  and  the  like,  is  also  of  great  importance.  The  general  opinion  among 
growers  seems  to  be  that  those  varieties  which  have  been  long  propagated 
in  this  way  are  showing  decrease  in  yield  and  in  resistance  to  disease. 
No  preliminary  applications  of  the  venation  method  have  been  made  in 
the  case  of  these  plants.  Where  such  evident  adaptations  for  vegetative 
propagation  as  tubers,  bulbils,  and  the  like  are  present  in  plants,  the 
possibility  of  the  presence  of  other  than  sexuatl  methods  of  rejuvenescence 
seems  greater  than  in  plants  without  such  special  equipment.  An  ex- 
amination of  the  leaves  borne  by  trees  and  root  shoots  of  Lombardy 
poplar  {PojmLus  nigra  italica  Du  Roi)  —  which  has  lost  its  power  to  produce 
seeds  but  sends  up  multitudes  of  root  shoots,  and  which  has  been  propa- 
gated artificially  by  cuttings  for  about  seven  hundred  years — showed  the 
vein  islets  to  be  so  divided  by  minute  veinlets  of  procambial  tissue  as  to 
make  measurement  very  difficult.  The  application  of  the  venation  test 
to  other  cultivated  plants  vegetatively  propagated  should  give  interesting 
results  and  will  be  undertaken. 

BEAKING  OF  THESE  FACTS  ON  THEOKIES  OF  SENILITY 

The  steady  encroachment  with  age  of  the  vascular  tissue  of  the  leaf 
on  the  space  originally  occupied  by  the  photosynthetic  cells,  and  the 
accompanjdng  decrease  in  the  photosynthetic  power  of  the  leaf,  must 
be  forced  by  some  physical  or  chemical  change  occurring  in  the  cells. 
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In  other  words,  it  must  be  a  visible  effect  of  a  progressive  senile  change 
occurring  in  the  meristematic  cells  which  produce  the  leaf. 

An  examination  of  the  vein  islets  under  the  microscope  shows  that  a 
majority  of  the  photosynthetic  cells  are  not  in  direct  contact  with  the 
veinlets.  Such  cells  must  get  their  water  and  inorganic  nutrients  by 
osmosis  and  diffusion  through  the  cells  which  separate  them  from  the 
veinlets,  and  all  outgoing  materials  must  also  pass  through  the  enclosing 
cells.  The  larger  the  vein  islet,  therefore,  the  greater  will  be  the  average 
distance  through  which  materials  must  be  conducted  before  they  reach 
the  veinlets  or  the  cells.  It  is  obvious  that  the  maintenance  of  efficient 
ingress  and  egress  is  vital  to  the  life  of  the  cells  and  the  life  of  the  plant. 
Since  most  of  the  cells  are  dependent  on  the  ability  of  surrounding  cells 
to  conduct  materials,  the  process  of  diffusion  through  photosynthetic 
cells  is  of  vital  importance  to  the  whole  plant. 

The  resulte  of  Askenasy  (1870),  Volkens  (1884),  Massart  (1902),  and 
Schuster  (1908)  indicate  that  if  the  cells  of  the  leaves  are  suffering  for 
water  additional  veinlets  are  produced.  In  other  words,  the  develop- 
ment of  veinlets  is  in  part  controlled  by  the  condition  of  the  cells  supplied 
by  them.  If  the  photosynthetic  cells  are  suffering  from  the  lack  of  some- 
thing which  the  veinlets  can  supply,  the  effect  is  to  stimulate  the  develop- 
ment of  additional  veinlets^  An  interesting  theory  of  the  origin  of  the 
small  blood  vessels  in  the  developing  animal  embryo,  advanced  by  Mtihl- 
mann  (1900),  is  based  essentially  on  the  same  idea.  As  each  aggregate 
of  cells  in  a  developing  embryo  increases  in  size,  its  central  cells  will  be 
pushed  farther  away  from  the  blood  vessels  at  its  margin.  Finally  this 
distance  becomes  so  great  that  osmosis  and  diffusion  through  the  inter- 
vening cells  cannot  efficiently  provide  for  the  needs  of  the  central  cells. 
This  lack  of  efficient  nutrition  and  excretion  causes  certain  modifications 
in  the  cellular  activities.  These  specific  modifications  stimulate  the  forma- 
tion of  branches  from  the  original  blood  vessels,  which  penetrate  the  cell 
aggregate.  The  entrance  of  the  blood  vessel  is  physiologically  the 
equivalent  of  a  reduction  in  the  size  of  the  aggregate. 

In  the  leaf  of  the  young  plant,  the  vein  islets  are  as  large  as  will  permit 
efficient  conduction  to  and  from  the  central  cells.  There  is  no  further 
increase  in  size.  But  if  the  protoplasm  of  the  cells  of  the  aggregates 
changes  with  age  in  such  a  way  that  osmosis  and  diffusion  through  them 
are  being  rendered  increasingly  difficult,  the  physiological  effect  will  be 
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equivalent  to  an  increase  in  the  distance  from  the  veinlets.  If  one  effect 
of  age  on  the  plant  protoplasm  is  to  decrease  its  permeability  to  any  or  all 
of  the  substances  that  pass  in  and  out  of  the  cell,  the  effect  on  the  central 
cells  of  the  vein  islets  will  be  essentially  the  same  as  removing  them 
further  from  the  veinlets. 

On  the  assumption  that  such  a  decrease  in  permeability  is  one  of  the 
marks  of  senile  degeneration  occurring  in  plant  cells,  the  differences 
between  the  sizes  of  vein  islets,  the  number  of  stomata,  the  size  of  the 
cells,  and  the  physiological  activities,  found  between  the  leaves  of  young 
and  of  old  plants,  can  be  rather  plausibly  explained.  The  smaller  size 
of  the  cells  with  age  causes  an  additional  interference  with  the  freedom 
of  osmosis;  but  this,  it  is  believed,  is  secondary  to  the  change  in  pennea- 
bility,  and  probably  is  a  result  of  it.  The  evidence  given  here  of  a  possible 
decrease  in  permeability  as  a  senile  change  in  protoplasm,  suggests  its 
application  to  the  theories  of  senility. 

THEORIES  OF  SENILITY 

The  theories  of  senility  may  be  grouped  in  two  general  classes:  (1)  those 
considering  the  cause  to  be  failure  of  some  specific  organ  in  the  body,  and 
(2)  those  considering  the  cause  to  be  specialization  of  the  cells  or  change 
in  the  physiological  activities  of  the  cells.  The  theories  in  the  first  class 
cannot  be  considered  as  fundamental. 

Localization  of  senile  chxmgea 

Demange  (1886)  and  Osier  (1892)  considered  arterial  sclerosis  as  the 
cause  of  senility,  while  Lorand  (1912)  ascribed  senility  to  a  degeneration 
of  the  thyroid  and  other  ductless  glands.  Metchnikoflf  (1903  and  1908) 
explained  senile  degeneration  in  man  as  due  to  the  action  of  intestinal 
bacterial  toxins,  and  in  plants  to  the  formation  of  poison  in  the  flowering 
shoot. 

Metchnikoflf's  theory  of  the  poisoning  of  the  body  by  toxins  produced 
in  one  part  of  it  represents  merely  a  different  phase  of  the  "  guilty-organ  " 
class  of  theories.  He  thinks  that  it  is  the  large  intestine  in  man,  and  the 
flowering  shoots  in  the  higher  plants,  that  serve  as  centers  of  poison 
production  which  ultimately  poisons  the  whole  organism.  In  animals 
he  considers  the  poison  to  be  produced  by  bacteria  in  the  intestine.  The 
toxins  thus  formed  are  carried  to  all  parts  of  the  body  by  the  blood;  and 
23 
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attack  various  tissues  with  different  degrees  of  success.  Those  cells  that 
cannot  successfully  withstand  •  the  effects  of  the  poison  are  weakened 
and  destroyed  by  the  independent  predatory  cells  of  the  body  —  the 
phagocytes.  Those  plants  that  die  soon  after  producing  their  seeds, 
Metchnikoff  believes  to  have  been  poisoned  by  poisons  formed  in  the 
flowers  during  seed  production,  which  spread  from  the  flowers  to  all 
parts  of  the  plant  and  kill  it. 

Here  again  the  theory  is  based  on  the  conception  that  but  one  part  is 
the  cause  of  senility  —  that  in  spite  of  the  fact  that  all  the  cells  have  a 
common  origin  in  the  development  of  the  animal  or  the  plant,  only  those 
of  one  organ  are  the  producers  of  senility.  As  regards  both  plants  and 
animals,  Metchnikoff's  theory  is  obviously  of  very  limited  application, 
being  inapplicable  to  animals  without  the  large  intestine  and  to  flowerless 
plants.  As  regards  flowering  plants,  moreover,  the  enormous  span  of  life 
attained  by  those  that  produce  annually  myriads  of  flowers  and  seeds  is 
sufficient  to  eliminate  further  consideration  of  the  poisoning  theory  as  of 
primary  value. 

As  regards  animals,  furthermore,  Metchnikoff 's  theory  is  not  so  much  a 
theory  of  senility  as  a  denial  of  senility.  In  so  far  as  he  considers  the  cause 
of  natural  death  to  result  from  toxins  produced  by  bacteria,  he  is  denying 
the  existence  of  natural  death.  In  all  bacterial  diseases  their  toxins  are 
the  most  important  factors  in  the  production  of  harm,  whether  they 
are  localized  in  the  intestine  or  in  the  tissues,  and  when  death  results  from 
bacterial  toxins  it  is  due  to  disease,  not  to  senility. 

Disease  is  an  interference  with  the  vital  activities,  produced  by  unfavor- 
able conditions  —  such  as  attacks  of  microscopic  organisms  inherited  or 
acquired,  structural  defects  in  one  or  another  organ,  or  the  like.  Senility, 
on  the  other  hand,  produces  an  inevitable  death  in  spite  of  the  most 
favorable  external  conditions  and  when  all  organs  are  sound.  It  has 
been  shown  that  in  senile  degeneration  all  tissues  have  undergone  a  struc- 
tural and  physiological  deterioration,  and  therefore  all  organs  are  involved. 

Attempts  to  single  out  one  particular  organ  as  the  sole  agency  of  senility 
are  therefore  not  supported  by  evidence  and  are  based  on  a  superficial 
conception  of  the  process. 

CeU  spedalizaMan 

As  the  seed  or  the  egg  develops  into  the  mature  organism,  the  embryonic 
cells' gradually  develop  the  typical  cytoplasmic  characteristics  that  mark 
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the  adult  tissues.  The  cytoplasm  not  only  increases  in  amount  relative 
to  the  nucleus,  but  becomes  structurally  differentiated  as  well,  both  changes 
being  of  such  a  nature  as  to  fit  the  cell  for  the  efficient  performance  of  the 
special  work  that  it  is  to  perform  for  the  whole  organism. 

Minot,  in  1891,  was  the  first  to  advance  the  theory  that  this  specializa- 
tion of  the  cell  was  the  cause  of  senility.  He  maintained  at  that  time 
and  later  (1908)  that  the  advance  in  efficiency  in  the  function  utilized 
by  the  organism  was  at  the  expense  of  the  functions  necessary  to  the  con- 
tinuous vigor  of  the  cell.  According  to  his  view,  therefore,  each  advance 
in  efficiency  of  a  special  function  was  at  the  cost  of  deterioration  in  the 
self-sustaining  power  of  the  cell,  and  this  deterioration  he  considered  to  be 
the  true  senile  degeneration,  which  progressed  to  a  final  natural  death. 

Hertwig  (1906)  agrees  with  Minot's  theory  to  this  extent,  expressing 
his  idea  in  his  own  terms.  He  says  that  a  free  cell  is  completely  free  to 
carry  on  the  activities  required  in  order  to  maintain  the  vigor  of  the  cell, 
and  these  activities  he  includes  in  the  term  cytotypicaL  The  cells  of  the 
embryo,  while  largely  under  the  cytotypical  laws,  are  to  some  extent 
modified  in  their  actions  by  the  organotypical  laws,  which  govern  the 
interactions  of  the  cells  in  each  many-celled  organism.  As  development 
proceeds,  the  cytotypical  laws  are  gradually  dethroned  by  the  organo- 
typical, with  the  same  result  as  that  postulated  by  Minot. 

In  another  respect,  however,  Hertwig  differs  from  Minot.  Minot  main- 
tains that  cytoplasmic  differentiation  is  irreversible,  that  having  once 
started  it  must  continue  to  senility  and  death.  Hertwig,  on  the  other 
hand,  believes  that  under  certain  conditions  the  specialized  cells  can 
throw  off  the  organotypical  yoke  and  become  again  cytotypically  active. 
His  theory  of  cancer,  for  example,  is  that  its  cells  are  of  this  type,  being 
successful  revolutionists  against  the  organotypical  control. 

There  seems  little  doubt  that  Minot's  position  is  untenable  in  this 
respect,  except  possibly  for  some  of  the  most  highly  differentiated  cells 
in  the  highest  animals.  The  results  of  regeneration  experiments  in  the 
lower  animals  (Child,  1913),  and  the  recent  successes  in  growing  animal 
tissues  in  plasma  (Carrel  and  Burroughs,  1910,  Carrel,  1912,  and  others), 
seem  to  show  conclusively  that  specialized  tissue  has  not  irretrievably 
lost  its  earlier  powers. 

For  forty  years  the  evidence  from  the  plant  side  has  been  amply  sufficient 
to  show  that  Minot's  views  as  to  the  irreversibility  of  differentiation  would 
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not  hold  for  plant  cells  (Nemec,  1905).  The  formation  of  adventitious 
tissue,  of  secondary  meristems,  of  budding  and  mature  leaves,  has  shown 
the  possibiUty  of  de-differentiation  in  specialized  plant  cells. 

The  writer's  results  attack  Minot's  theory  in  an  even  more  vital  point, 
since  they  indicate  that  senility  occurs  even  in  meristematic  tissue  and 
is  not  dependent  on  differentiation.  Furthermore,  Minot's  own  figures 
r^arding  the  relative  rapidity  of  the  advance  of  senile  degeneration, 
showing  that  its  onset  is  most  rapid  at  the  very  beginning,  when  differ- 
entiation is  least,  argues  against  the  theory  that  specialization  is  the  primary 
cause  of  senility. 

Accumulation  of  katabolic  products 

Child  (1912),  in  an  extremely  interesting  paper,  states  his  opinion  as 
follows:  "  My  experiments  led  me  to  the  conclusion  that  senescence 
in  its  simplest  terms  consists  in  a  decrease  in  the  rate  of  metabolism 
determined  by  the  gradual  accumulation  of  relatively  inactive  structural 
obstacles  to  metabolism  which  in  turn  are  the  necessary  consequence  of 
continued  metabolism  under  constant  or  relatively  constant  conditions 
and  in  the  presence  of  nutritive  material." 

Hertwig,  from  his  study  of  the  "  depression  stages  "  in  various  protozoa, 
comes  to  the  conclusion  that  senescence  is  due  to  the  accumulation  of 
materials  in  the  nucleus  until  it  becomes  inert.  He  considers  that  a 
large  amount  of  material  must  be  eliminated  from  such  an  engorged 
nucleus  before  it  can  again  become  active.  Child  (1913),  from  his  study 
of  a  planarian,  which  reproduces  only  asexually,  and  from  a  long  series 
of  regeneration  experiments,  has  come  to  the  conclusion  that  when  such 
an  accumulation  occui-s  a  condition  of  senility  is  reached,  and  rejuvenes- 
cence is  restored  only  if  the  cell  can  rid  itself  of  the  accumulat-ed  inert 
substances.  He  is  of  the  opinion,  further,  that  hunger,  removal  of  a 
part  of  the  body,  encystment,  and  asexual  reproduction,  are  as  efficient 
in  this  respect  as  sexual  reproduction.  He  says,  as  regards  the  plants, 
there  can  be  no  doubt  that  the  same  is  true. 

Hertwig  (1906)  disagrees  in  part  with  this  conclusion.  He  thinks  that 
hunger,  encystment,  and  special  protozoan  methods  of  nuclear  destruc- 
tion, are  temporary  patchwork  repairs  which,  in  forms  capable  of  sexual 
reproduction,  postpone  senility  but  cannot  produce  the  complete  rejuvenes- 
cence that  results  from  sexual  reproduction.    The  evidence  obtained  from 
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the  studies  on  Vitis  vulpina  supports  the  view  of  Hertwig  and  disapproves 
Child's  statement  regarding  certain  plants  at  least.  In  forms  that  are 
without  sexual  reproduction  and  that  are  capable  of  continuous  existence, 
the  protoplasm  must  free  itself  from  its  accumulations  more  readily  than 
protoplasm  that  depends  on  sexual  reproduction. 

It  will  be  noticed  that  both  Hertwig  and  Child  picture  the  accumulation 
of  inert  products  as  interfering  primarily  with  metabolism  as  a  whole, 
not  merely  with  katabolism.  This  accumulation  theory  must  be  dis- 
cussed, as  to  its  probability,  in  connection  with  the  next  theory  of  senility. 

Decreased  elimination  of  waste  jyroducts 
The  first  thorough  treatment  of  the  idea  that  senility  may  be  due  to 
the  retention  of  poisonous  waste  in  the  tissues  was  that  by  Miihlmann 
(1900).  His  argument  is  based  on  the  fact  that  as  the  growth  of  a  many- 
celled  organism  goes  on,  the  central  cells  are  shut  off  from  direct  contact 
with  oxygen,  and  become  dependent  for  food,  oxygen,  and  elimination 
of  waste  on  the  cells  that  still  remain  in  contact  with  the  surface.  With 
increased  growth,  moreover,  the  mass  increases  as  the  cube,  while  the 
surface  increases  only  as  the  square,  of  the  dimensions.  Therefore  the 
number  of  dependent  cells  is  increasing  much  more  rapidly  than  the 
number  of  those  cells  that  are  able  to  excrete.  The  central  cells  are  thus 
forced  to  retain  their  poisonous  waste  products  longer  and  longer,  and 
suffer  in  consequence  an  increasing  degree  of  poisoning.  Miihlmann 
makes  the  interesting  observation  that  the  organs  which  represent  the 
surface  continue  to  grow  for  the  longest  time  —  skin,  lungs,  intestines, 
vessels,  and  heart,  which  grow  for  from  forty  to  fifty  years  after  birth; 
while  the  musculature  and  the  skeleton,  which  lie  deeper  in  the  body, 
stop  their  growth  earUer,  and  the  nervous  system,  which  is  deepest  of  all, 
grows  but  little  after  birth. 

Montgomery  (1906)  gives  an  interesting  argument  along  the  same  line. 
He  says  that  death  results  from  the  insufficiency  of  the  excretion  process, 
and  that  this  becomes  impaired  because  the  excreting  surfaces  do  not  keep 
pace  with  the  increase  in  mass.  He  carries  this  idea  so  far  as  to  postulate 
that  spore  formation  and  gamete  production  are  essentially  excretion 
processes,  the  spores  or  the  gametes  separating  from  the  poisoned  excre- 
mentitious  soma.  He  exactly  reverses  the  old  Hildebrand  and  Weismann 
concept  that  the  soma  dies  because  the  gametes  have  been  produced  and 
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have  gone,  by  claiming  that  the  sex  cells  left  because  they  could  not 
endure  the  conditions  any  longer. 

There  are  some  very  serious  objections  to  be  raised  against  the  argmnent 
that  harmful  retention  of  waste  products,  due  to  the  greater  increase  of 
mass  than  of  surface,  is  the  basic  cause  of  senility.  Considering  first  the 
condition  in  the  human  being,  it  is  seen  that  the  excretory  surfaces  con- 
tinue to  grow  until  the  period  of  greatest  activity  is  well  past.  Why 
should  the  excretory  surfaces,  which  proved  amply  sufficient  during  the 
period  of  greatest  activity,  be  unable  to  do  their  part  after  the  organism 
as  a  whole  is  much  less  active? 

Furthermore,  if  the  amount  of  surface  of  the  excretory  organs  is  not 
sufficient  to  eliminate  waste  products  fast  enough  for  the  internal  mass  of 
cells  to  continue  to  be  active,  how  can  be  explained  the  rapid  development 
of  the  unborn  child,  which  must  depend  on  its  mother's  excretory  surfaces 
to  eliminate  not  only  her  own  tissues'  waste  but  its  own  as  well.  It 
should  be  borne  in  mind  that  many  of  the  human  organs  have  a  con- 
siderable excess  power  above  that  which  is  needed  for  ordinary  excretions, 
and  there  are  many  evidences  to  show  that  the  excretory  organs  can 
eliminate  much  more  than  they  are  usually  called  upon  to  do. 

In  this  theory  of  the  insufficiency  of  excretion,  the  "  guilty-organ  " 
theory  is  being  met  under  a  different  form.  It  is  not  a  single  organ,  but 
a  single  function,  which  is  at  fault  this  time. 

When  this  theory  of  the  insufficiency  of  excretion  produced  by  the 
disproportionate  increase  in  surface  and  mass  is  examined  in  the  light 
of  the  facts  reported  for  Vitis,  important  evidence  against  it  is  seen  at 
once.  In  the  perennial  vine  with  its  annually  increasing  number  of  leaves, 
there  is  no  such  discrepancy  between  increase  in  surface  and  mass  as  is 
found  in  animals,  and  yet  here,  as  in  animals,  comes  this  same  senile 
degeneration.  If,  therefore,  there  is  a  retention  of  harmful  waste  prod- 
ucts in  cells,  it  is  not  due  to  the  apparently  plausible  disproportionate 
increase  of  volume  and  surface. 

The  retention  of  poisonous  waste  material,  however,  should  be  considered 
as  important  among  the  different  possible  causes  of  senility,  as  affecting 
the  active  cell.  The  immediate  harm  suffered  by  the  human  body  from 
the  lack  of  a  pound  of  food  is  very  much  less  than  that  which  could  be 
caused  by  the  presence  in  the  body  of  a  minute  quantity  of  poison.  In 
other  words,  equal  losses  in  efficiency  in  the  functions  of  digestion  and 
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excretion  may  not  be  of  equal  harm  to  the  cell.  The  loss  in  efficiency  of 
excretion  will  affect  the  cell  first.  This  is  the  argument  which  supports 
the  idea  that  defective  excretion  may  be  the  cause  of  senility,  rather  than 
the  argument  based  on  relative  surface  and  mass. 

But  here  again,  if  the  efficiency  of  excretion  becomes  lessened,  it  must 
be  due  to  some  chemical  or  physical  change  occurring  in  the  cell,  and  this 
change  must  then  be  the  primary  senile  deterioration  of  which  the  decrease 
in  excretion  is  a  result. 

A  change  of  this  nature  seems  to  be  indicated  in  the  cells  of  the  leaves 
of  Vitis  vulpina  and  certain  other  plants.  A  change  in  permeability, 
which  would  explain  the  decrease  in  size  of  the  vein  islets  if  present  in  all 
living  cells,  both  plant  and  animal,  would  directly  and  inevitably  decrease 
the  efficiency  of  excretion  of  all  cells  both  internal  and  external. 

decreasing  permeability  as  an  explanation  of  some  observed 
senile  degenerations 

It  should  be  emphasized  at  this  point  that  a  decrease  in  permeability 
with  age  must  be  the  result  of  some  deeper-lying  physical  or  chemical 
senile  degeneration  in  protoplasm.  It  is  probable  that  this  fundamental 
cause  produces  other  changes  besides  that  of  decreasing  permeability. 
This  will  be  touched  upon  shortly.  With  this  in  mind,  it  will  be  interest- 
ing to  see  to  what  degree  a  senile  decrease  in  permeability  will  produce  the 
effects  which  the  other  theories  of  senility  assert  are  present  and  which 
they  explain  in  their  own  way. 

The  presence  of  inert  accumulations  in  cells  would  certainly  be  brought . 
about  by  an  increasing  difficulty  of  exit  from  the  cells.  Furthermore,  it 
is  quite  possible  that  decreasing  permeability  would  favor  the  production 
of  changed  metabolic  products.  It  is  equally  evident  that  a  certain  degree 
of  impermeability  is  also  essential  to  the  cell,  since  on  this  depend  the  re- 
tention of  food,  the  protection  against  harmful  solutes  in  the  environment, 
and  the  maintenance  of  turgidity.  There  must  therefore  be  a  constant 
compromise  in  the  living  cell  between  permeability  and  complete  impermea- 
bility. It  is  possible  that  even  in  the  youngest  and  most  vigorous  cell  the 
degi-ee  of  permeability  required  is  such  that  oxygen  cannot  enter  as 
rapidly  as  is  needed  at  times  of  great  activity.  Under  such  partially 
anaerobic  conditions,  it  is  well  known  that  certain  cells,  bacteria  for 
example,  may  produce  different  katabolic  products  from  those  produced 
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when  abundant  oxygen  is  available.  Some  of  these  products  might 
be  such  as  would  merely  interfere  with  cell  activities  by  their 
accumulation,  while  others  might  be  toxic  in  their  action.  It  is  quite 
possible  that  some  of  these  changed  products  resulting  from  incomplete 
permeability  might  act  upon  the  protoplasm  in  such  a  way  as  to  further 
decrease  its  permeability.  This  would  lead  in  turn  to  a  more  rapid  pro- 
duction of  the  injurious  substances.  The  presence  of  a  decrease  in  per- 
meability with  age  seems  to  account  in  part  for  the  retention  of  inert 
accumulations,  and  possibly  may  be  considered  an  important  cause  for 
the  production  of  the  accumulating  material.  It  is  interesting  to  note 
that  this  idea  had  occurred  to  Child  (1912)  in  connection  with  senile 
degeneration  in  sperm  cells,  although  he  did  not  consider  it  as  a  general 
cause  of  senility. 

The  objections  which  may  be  raised  against  the  theory  that  senility 
is  due  to  the  retention  of  toxic  waste  products  owing  to  the  lack  of  sufficient 
excretory  surfaces  in  old  organisms,  do  not  apply  when  the  retention  of 
these  substances  is  referred  to  a  general  decrease  in  permeability  operating 
in  all  cells  of  the  organism.  A  decrease  in  permeability  as  age  increases 
accounts  perfectly  for  every  condition  that  the  older  theory  claimed  to 
exist.  The  loss  of  efficiency  in  excretion  will  occur  in  small  organisms 
as  certainly  as  in  large  ones,  will  characterize  all  cells  and  not  simply  a 
localized  fraction,  and  does  not  require  any  postulates  regarding  relations 
between  mass  and  surface,  which  are  certainly  untenable  for  the  higher 
plants  and  probably  for  the  higher  animals.  Furthermore,  increasing 
permeability  interferes  with  the  inward  movement  of  substances,  and  this 
undoubtedly  is  also  an  important  consideration  and  perhaps  in  plants 
more  important  than  difficulty  of  excretion. 

Lillie  (1909)  argues  strongly  that  many  stimuli  act  on  cells  by  the  pro- 
duction of  temporary  increases  in  their  permeability.  It  is  also  obvious 
that  a  complete  cessation  from  activity  tends  to  aid  in  the  elimination 
of  substances  from  the  cells.  Since  the  production  of  new  metabolic 
products  ceases,  the  cell  is  able  to  get  rid  of  a  certain  amount  of  accumulated 
waste.  Hunger,  sleep,  the  division  of  the  lower  animals  in  regeneration 
experiments,  encystment,  and  asexual  reproduction,  would  therefore,  in 
varying  degrees  according  to  method  and  organism  and  environment, 
utilize  both  these  methods  for  decreasing  the  accumulations.  The 
internal  stimuli  which  are  set  in  force  in  starvation  effect  katabolism 
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of  storage  products  that  under  normal  conditions  are  unaffected,  and  in 
such  cases  the  nature  of  the  stimulus  may  also  be  such  as  to  increase  the 
permeability  of  the  cells. 

In  the  form  in  which  no  sexual  reproduction  occurs,  it  is  possible  that 
the  accumulation  of  products  resulting  from  the  decrea§e  in  permeability, 
when  it  reaches  a  certain  stage,  produces  a  stimulus  of  such  powerful 
nature  that  the  original  degree  of  permeability  is  restored.  It  is  note- 
worthy, in  this  particular,  that  passive  stages  or  encystment  are  common 
in  such  forms  and  aid  in  the  process  of  waste  elimination. 

Is  there  any  reason  to  believe  that  sexual  reproduction  rejuvenates 
through  a  restoration  of  the  original  degree  of  permeability?  If  senility 
is  due  in  part  to  decreasing  permeability,  then  rejuvenescence  must  be 
due  in  the  same  degree  to  increased  permeability. 

The  effects  of  sexual  reproduction  can  be  most  easily  studied  in  the 
eggs  of  marine  forms,  which  are  normally  fertilized  when  free  in  the  water. 
A  considerable  number  of  researches  on  such  material  have  been  made 
by  animal  physiologists,  and  among  the  functions  studied  was  this  one 
of  permeability.  All  these  investigators  have  described  a  marked  increase 
in  permeabiUty  as  the  most  characteristic  effect  of  the  entrance  of  the 
sperm  into  the  ovum.  This  union  of  the  two  sex  cells,  therefore,  generates 
a  stimulus  of  such  a  powerful  influence  on  permeability  that  the  original 
degree  of  permeability  is  restored.  LiUie  (1909)  has  observed  that  pig- 
ments present  begin  to  pass  out  rapidly;  Lyon  and  Shackell  (1910)  found 
that  dyes  entered  much  more  readily  than  before;  while  Loeb  (1907), 
Warburg  (1910),  and  others  have  observed  that  oxygen  entered  much 
more  rapidly  than  before.  Lillie  (1909)  thinks  that  this  first  remarkable 
increase  in  permeability  lessens  to  a  certain  degree  soon  after;  but 
this,  if  true,  merely  means  that  the  first  great  increase  in  permeability 
is  even  greater  than  that  characteristic  of  youth  —  one  that  is  valuable  for 
the  sudden  expulsion  of  accumulated  waste,  but  too  great  to  be  suited  for 
the  retention  of  food,  for  turgidity,  and  for  protection  in  the  living 
embryo. 

The  evidence  seems  strong,  therefore,  both  from  the  standpoint  of  senility 
and  from  that  of  rejuvenescence,  that  the  duration  of  life  is  directly  linked 
with  the  degree  of  permeability  in  that  part  of  the  Uving  cell  which  places 
it  in  contact  with  the  universe  about  it,  and  that  as  the  activities  of  life 
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proceed  the  ceU  is  being  gradually  entombed  by  an  inevitable  decrease  in 
the  permeability  of  its  protoplasm. 

While  decreasing  permeability  furnishes  a  possible  explanation  of  the 
more  obvious  symptoms  of  senility,  it  cannot  be  the  only  degeneration  of 
first  rank.  All  protoplasmic  functions  must  be  involved.  Underl3ring 
these  primary  causes  of  senile  degeneration  there  must  be  some  general 
fundamental  cause  from  which  they  spring.  This  fundamental  cause  may 
weU  be  the  colloidal  nature  of  protoplasm.  While  the  physical  attributes 
that  characterize  the  colloidal  condition  of  matter  are  not  thoroughly 
understood,  the  crude  generaUzation  may  perhaps  be  advanced  that  the 
unit  of  structure  of  the  colloid  is  a  molecular  complex  while  that  of  the 
crystalloid  is  a  single  molecule.  The  physical  changes  which  colloids 
undergo  when  exposed  to  external  forces  may  be  referred  to  rearrange- 
ments in  the  positions  of  the  molecules  in  the  unit  complexes.  The  rise 
of  the  melting  point  of  paraffin  on  repeated  applications  of  heat,  the 
reversible  or  irreversible  changes  from  sol  to  gel  under  different  degrees 
of  heat,  and  other  modifications  of  colloidal  response  produced  by  repeated 
appUcations  of  a  given  force,  are  examples  of  colloidal  changes  probably 
due  to  rearrangement  of  the  molecules  in  the  complex. 

This  intricate  interrelation  between  the  constituent  parts  of  the  coUoidal 
unit  of  structure  is  subject  to  progressive  changes  in  many  non-living  coUoids, 
and  these,  with  the  passage  of  time,  exhibit  changes  which  might  be'  called . 
senile  degenerations.  The  tendency  to  a  closer  approximation  of  the 
units  of  colloidal  suspensions,  as  time  goes  on,  is  an  illustration  of  the 
instability  of  the  colloidal  condition.  Since  the  relatively  simple  relations 
in  the  nonliving  colloidal  complex  tend  to  change  on  the  application  of 
external  forces,  or  even  with  long  standing,  it  seems  inevitable  that  the 
extremely  complex  colloidal  states  constituting  protoplasm  should  be 
progressively  modified  by  the  activities  of  life  and  the  impact  of  external 
forces.  The  wonder  is  not  that  protoplasm  is  subject  to  senile  change, 
but  that  the  change  is  so  slow. 

If  one  of  the  changes  in  the  colloidal  units  is  a  closer  aggregation  of  the 
constituent  parts,  the  probable  effect  on  protoplasm  will  be  to  make  it 
less  permeable,  lessen  the  quantity  of  imbibed  water,  and  obstruct  the 
other  physical  activities  of  life.  Whatever  the  changes  in  the  colloidal 
complex  may  be,  they  are  the  fundamental  cause  of  senihty. 
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Rejuvenescence  is  the  process  of  restoring  the  original  arrangement 
in  the  colloidal  units  of  the  protoplasmic  colloids.  Sexual  reproduction 
is  one  method  by  which  this  is  accomplished,  while  in  sexless  plants  more 
primitive  methods  are  used. 

Whether  the  progress  of  senility  in  sexual  plants  and  animals  can  be 
stopped,  or  even  retarded,  by  such  means  of  rejuvenescence  as  are  utilized 
in  sexless  forms,  and  thus  to  a  certain  degree  are  applicable  to  somatic 
cells  generally,  is  a  problem  for  the  future  to  solve.  The  present  knowledge 
of  the  cause  of  senile  degeneration  does  not  justify  an  unqualified  denial 
of  the  possibility  of  somatic  rejuvenescence. 
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A  BACTERIAL  DISEASE  OF  STONE  FRUITS^ 

F.  M.  Rolfs 

HOST  CONSIDERATIONS 

Cultivated  varieties  of  the  apricot  {Prunus  armeniaca),  the  nectarine 
{Prunus  persica  var.  nedurina),  the  peach  {Prunus  persica),  and  the 
plum  {Prunus  domestica,  Prunus  americanaj  and  others),  are  known  to 
be  affected  by  the  bacterial  disease  discussed  herein.  It  will  be  noted 
that  the  hosts  are  closely  related. 

THE  DISEASE 

NAMES 

The  disease  on  the  foliage  during  its  early  development  or  in  cases  of 
slight  infection  is  known  as  bacterial  leaf  spot;  in  more  advanced  stages 
or  in  more  serious  outbreaks  it  is  termed  bacterial  shot  hole.  On  the  fruit 
it  is  sometimes  referred  to  as  black  spot,  the  growers,  however,  more  com- 
monly speaking  of  it  as  bacterial  crack.  The  disease  on  the  young  twigs 
has  received  the  names  black  spot  and  bUick  tip,  and  when  open  perennial 
wounds  are  formed  on  the  branches  these  are  called  bacterial  cankers. 

HISTORICAL 

The  disease  is  apparently  of  American  origin,  it  having  been  found, 
so  far  as  is  known,  only  in  the  United  States.  During  the  past  nine  or 
ten  years  fruit  growers  in  various  sections  of  the  country  have  called 
attention  to  a  shot-hole  disease  of  peach  and  plum  foliage,  which  in  wet 
seasons  has  in  many  cases  caused  premature  defoliation.  O'Gara  (Rorer, 
1909)^  reports  a  shot-hole  condition  of  p)each  foliage  prevalent  in  Georgia, 
and  suggests  that  it  is  caused  by  a  bacterial  organism.  Smith  (1903)  calls 
attention  to  a  bacterial  disease  of  Japanese  varieties  of  plum  in  central 
Michigan,  which  appears  as  a  shot  hole  of  the  leaves  and  a  black  spot 
of  the  fruit.  Clinton  (1904)  describes  a  leaf  spot  on  peach  in  Connecticut, 
which  he  attributes  to  a  bacterial  organism.  Heald  (1906)  discusses  a 
disease,  apparently  of  the  same  nature,  found  in  Nebraska  on  the  twigs 

*  Also  presented  to  the  Faculty  of  the  Graduate  School  of  Cornell  University,  June,  1913,  as  a  major 
thens  in  partial  fulfillment  of  the  requirements  for  the  degree  of  doctor  of  philosophy. 

AuTHon's  AcKNoxvLEDOMKNTB. — ^The  wrftcr  wishes  to  acknowledi^e  his  indebtedness  to  Professors  Whetsel 
and  Reddick,  of  the  Department  of  Plant  Patholo^,  New  York  State  College  of  Agriculture,  for  many 
helpful  criticisms  and  suggestions;  and  to  Director  Paul  Evans,  of  the  Missouri  State  Fruit  Experiment 
:5i4ition,  for  his  support  and  cooperation,  which  made  it  possible  to  undertake  and  complete  the  work. 

^  Dates  refer  to  uterature  cited,  page  481. 
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and  branches  of  Wickson  and  Whitaker  varieties  of  plum.  Jackson 
(1907)  reports  a  similar  disease  from  Delaware,  and  states  that  consider- 
able injury  results  to  the  plum  orchards  in  that  State.  Smith  (1906  b, 
figs.  11,  12,  15,  70,  72,  pi.  19)  gives  diagrams  of  sections  through 
diseased  plum  leaves  and  fruit  tissue,  and  illustrations  of  diseased  plum 
fruit.  Rorer  (1909)  records  a  detailed  study  of  the  disease  on  leaves, 
twigs,  and  fruits  of  peach.  Smith  (1911)  discusses  the  disease  on  plum 
leaves  and  fruits,  and  gives  illustrations  of  diseased  plum  fruits  as  well 
as  sections  through  diseased  fruit  tissue.  Heald  and  Wolf  (1912)  report 
the  occurrence  of  a  bacterial  canker  on  plum  at  San  Antonio,  Texas. 
Lewis  (1912)  describes  a  bacterial  canker  on  plum  twigs  and  records  the 
results  of  several  inoculation  exp)eriments.  He  gives  illustrations  of  can- 
kers on  twigs  four  and  six  years  of  age. 

The  disease  was  first  brought  to  the  attention  of  the  writer  in  1904, 
when  he  was  Botanist  and  Horticulturist  at  the  University  of  Florida. 
Many  letters  were  received  from  fruit  growers  in  northern  Florida  and 
southern  Georgia,  complaining  of  a  shot-hole  condition  of  peach  and  plum 
leaves  accompanied  by  considerable  premature  defoliation.  The  foliage 
of  the  different  varieties  of  peach  and  plimi  trees  in  the  university  horti- 
cultural orchard  also  developed  the  shot-hole  condition,  and  in  most 
cases  fell  prematurely.  Other  duties  prevented  the  writer  from  under- 
taking extensive  investigation  of  the  problem  at  that  time.  However, 
on  taking  up  work  at  the  Missouri  State  Fruit  Experiment  Station  in 
1906,  he  found  that  the  blackened  areas,  so  common  on  the  peach  twigs 
in  northern  Florida  in  1906,  were  even  more  abundant  on  the  peach  and 
plum  twigs  in  Missouri.  Additional  observations  have  brought  out  the 
fact  that  the  disease  is  more  or  less  injurious  also  to  the  apricot  and  the 
nectarine. 

GEOGRAPHICAL  DISTRIBUTION 

It  is  not  easy  to  obtain  information  as  to  the  distribution  of  this  disease, 
since  a  bibliography  of  the  Uterature  relating  to  shot-hole  injury  of  stone 
fruits  shows  that  the  injury  is  usually  attributed  to  the  work  of  fungi. 
This  is  not  surprising,  as  lesions  resulting  from  various  causes  resem- 
ble one  another  so  closely  that  it  is  often  impossible  to  determine 
exactly  the  causal  factor  without  the  aid  of  a  microscope,  and  it  is  not 
always  possible  even  with  a  microscope.  The  disease  has  been  reported 
by  investigators  as  occurring  in  Arkansas,  Connecticut,  Delaware,  Georgia, 
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Michigan,  Nebraska,  and  Texas.  Diseased  material  has  been  obtained 
by  the  writer  from  Alabama,  Arkansas,  Florida,  Georgia,  Illinois,  Iowa, 
Kansas,  Michigan,  Missouri,  New  Jersey,  New  York,  Ohio,  Oklahoma, 
Pennsylvania,  South  Carolina,  Tennessee,  and  Texas. 

ECONOMIC   IMPORTANCE 

Bacterial  leaf  spot,  or  shot-hole  as  it  is  usually  called,  is  one  of  the  chief 
foliage  diseases  of  stone  fruits  in  the  humid  districts  of  the  South.  It 
occasionally  becomes  more  or  less  aggressive  also  in  some  sections  of  the 
northern  and  eastern  States.  Its  importance  varies  from  year  to  year, 
there  being  an  abundance  in  wet  seasons  and  little  in  dry  seasons.  The 
disease  app)ears  to  be  more  severe  in  warm,  humid  regions  than  in  cool, 
dry  sections.  In  southern  Missouri  its  economic  importance  has  kept 
pace  with  the  growth  of  the  peach  industry,  and  it  is  now  one  of  the  most 
difficult  diseases  with  which  the  fruit  grower  has  to  contend.  Its  attacks 
on  the  plum  have  liiade  it  practically  impossible  to  grow  certain  varieties 
of  Japanese  plums  on  a  commercial  scale.  The  fruit  of  some  varieties  of 
apricot  and  nectarine  also  are  injured  more  or  less  by  the  disease,  but 
since  apricots  and  nectarines  are  not  extensively  grown  in  Missouri  the 
disease  on  these  fruits  has  not  attracted  much  attention. 

In  different  parts  of  Missouri,  during  1908  and  1909,  a  record  was 
made  of  the  amount  of  infected  fruit  in  diseased  Elberta  peach  orchards, 
in  order  to  determine  the  extent  of  the  injury  due  to  this  disease.  It 
was  found  that  from  1  to  10  per  cent  of  the  fruit  was  infected  in  orchards 
well  cared  for,  and  from  26  to  75  per  cent  in  orchards  poorly  cared  for. 
The  lesions  on  the  fruit  are  in  many  cases  not  sufficiently  prominent 
to  mar  its  appearance  greatly,  but  the  larger  proportion  of  such  fruit 
is  graded  as  "  seconds."  None  of  the  fruit  holds  up  well  hi  shipping, 
and  in  some  cases  it  is  completely  destroyed  by  various  rot-producing 
organisms  before  being  placed  on  the  market. 

It  is  especially  difficult  to  obtain  reliable  figures  on  the  loss  due  to  this 
disease,  since  the  loss  is  not  confined  to  the  direct  effect  on  the  fruit  but 
must  include  also  the  influence  of  the  diseased  foliage  on  the  getieral  vigor 
of  the  tree.  Severe  outbreaks  soon  impair  the  efficiency  of  the  foliage, 
and  if  they  occur  early  in  the  season  they  reduce  the  size  and  greatly 
lower  the  quality  of  the  fruit.  Severe  foliage  injury  also  has  a  marked 
influence  on  the  formation  of  fruit  buds,  and  trees  that  have  their  leaves 
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injured  early  in  the  season  usually  carry  a  very  light  crop  of  fruit  the 
following  year.  Young  trees  are  usually  more  affected  than  those  six 
or  seven  years  old,  and  badly  diseased  young  trees  soon  become  stunted 
and  in  some  cases  permanently  injured. 

SYMPTOBiS 

The  disease  affects  the  leaves,  twigs,  and  fruit  in  a  characteristic  manner. 
It  develops  on  twigs  and  shoots  of  only  the  current  year's  growth,  but  the 
wounds  on  the  twigs  often  persist  as  open  perennial  cankers. 

The  very  common  fungous  disease  of  apricot  and  plum  foliage  due 
to  Cylindrosporium  padi  is  similar  in  its  symptoms  to  bacterial  leaf  spot, 
but  usually  can  be  distuiguished  from  the  latter  by  the  white  downy 
growth  on  the  lower  surface  of  the  spot.  Pierce  (1894)  reports  a  similar 
disease  on  almond  foliage  in  California  due  to  the  work  of  Cercospora 
circumscissa.  There  is  also  a  leaf  spot  of  unknown  cause  which  is  con- 
stantly associated  with  peach  and  plum  rosette.  Spray  mixtures  and  other 
toxic  substances  applied  to  the  leaves  often  produce  an  injury  which 
is  difficult,  without  the  aid  of  a  microscope,  to  distinguish  from  bacterial 
leaf  spot.  Care  must  be  taken  not  to  confuse  the  lesions  due  to  these 
various  agents. 

On  the  leaves 

The  first  evidence  of  the  disease  on  the  leaves  is  the  appearance  of 
small  gray  specks  (Fig.  69),  which  become  somewhat  angular  in  form 
and  soon  take  on  a  water-soaked  appearance.  They  later  become  brown 
or  purplish  brown,  in  some  cases  scarlet,  and  finally  change  to  dark  brown. 
The  spots  measure  from  one  to  five  millimeters  in  diameter  and  when 
numerous  they  coalesce,  so  that  large  areas  of  the  leaf  may  be  involved.  A 
more  or  less  circular  diseased  area  is  finally  separated  by  a  line  of  cleavage 
from  the  healthy  tissue,  the  injured  tissue  within  this  area  promptly 
contracting,  drying,  and  falling  cut.  This  gives  the  leaf  the  shot-hole 
appearance.  On  the  plum,  in  some  cases,  after  the  disease  has  apparently 
nm  its  course  and  the  spot  is  well  formed,  a  second  and  even  a  third 
period  of  invasion  may  follow  and  an  area  one-half  inch  or  more  in  diameter 
may  develop  from  a  single  spot.  Leaves  that  are  badly  diseased  soon 
fall  to  the  ground.  It  is  not  unusual  for  an  infected  tree  to  lose  from 
fifteen  to  twenty-five  per  cent  of  its  leaves  by  August,  and  in  the  more 
extreme  cases  as  high  as  seventy-five  per  cent,  or  even  more,  of  the  leaves 
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Fbj.  60. — Elberta  peach  leaves  inoculated  vriih  pare  cuUurea  of  Bacterium  Pruni.  The  growth  from 
a  eeven-daye-old-slant  Hisa-glucoee  culture  was  thoroughly  mixed  in  one  hundred  cuhic  centimeters 
of  sterile  water  and  applied  to  the  leaves  by  dipping  Oie  fingers  into  the  water  and  then  rubbirtg  the 
leaf  between  the  thumb  and  the  fingers.  Inoculatxons  were  made  on  July  16 ,  191B,  and  the  photograph 
was  taken  on  Augiut  £8,  1919 

a.  Inoculated  with  a  pure  culture  obtained  from  an  apricot  twig 

6,  Inoculated  with  a  pure  culture  obtained  from  a  nectarine  twig 

r.  Inoculated  with  a  pure  culture  obtained  from  a  peach  tvnp 

d,  Inoculated  with  a  pure  culture  obtained  from  a  plum  twig 

e.  Check.     Sterile  water  was  applied  to  the  leaf 
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Fig.  60. — Arp  Beauty  peach  tree  showing  defoliation  due  to  the  work  of  Bacterium  Pruni. 
Moat  of  the  leaves  that  formed  before  July  i,  1909,  have  fallen.  All  leaves  stUl  on 
the  tree  are  more  or  less  injured.     (Photograph  made  on  September  6,  1909) 
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Fig.  61. — Siberia  peach  twigs  inoculated  with  pure  cultures  of  Bacterium 
Pruni.  The  growth  from  an  eight-days-old-slant  Hiss-glucose  culture 
was  thoroughly  mixed  in  one  hundred  cubic  centimeters  of  sterile  water. 
Each  twig  was  inoculated  at  four  points  by  inserting  the  point  of  a  hypo- 
dermic needle  juMt  below  the  cuticle  and  forcing  t?ie  water  containing  the 
organism  into  the  tissiies.  Inoculations  were  made  on  June  B6,  IQIB, 
and  the  photograph  was  taken  on  August  BO,  19 IB 

a.  Cheek.     Sterile  water  was  used 

b  and  c,  Inoculated  with  a  pure  culture  obtained  from  an  apricot  twig 

df  Inoculated  with  a  pure  culture  obtained  from  a  nectarine  twig 

Cy  Inoculated  with  a  pure  culture  obtained  from  a  peach  twig 

f,  InocuUUed  with  a  pure  culture  obtained  from  a  plum  twig 


Digitized  by  VjOOQ IC 


384 


F.  M.  Rolfs 


Fig.  62. — Elberta  peach  twigs ^  leaves,  and  fruit,  showing  injury  by  Bacterium 
Pruni.  The  black  tips  of  the  twigs  are  to  be  noted  particiUarly,  (PhotO' 
graph  made  on  August  16,  1909) 
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Fig.  63. —  Naturally  infected  fruits  of  peach,  nectar- 
ine, plum,  and  apricot:  a,  Crothier  peach;  b,  Vic- 
toria nectarine ;  c.  Abundance  plum ;  d.  Bread 
apricot.     {Photograph  made  on  July  1,  1909) 
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Fio.  66. — Alexander  avrieot  lecwee  inoculated  tnth  pure  cultures  of  Baderittm  Pruni.  The  ffrowlh  from 
a  ei^-dayB-old'Blant  HxM-ifluooee  culture  tocu  thoroughly  mixed  in  one  hundred  citbir  centimeter  a  of  tteriU 
water  and  then  applied  to  the  leaves  by  dipping  the  fingera  into  the  ioater  and  gently  rubbing  the  leaves 
between  thumb  and  fingers.  Inoculations  were  made  on  June  29,  1919,  and  the  photograph  was  made 
on  August  27,  1912 

a.  Inoculated  with  a  pure  culture  obtained  from  an  apricot  tufig 

b.  Inoculated  with  a  pure  cuUure  obtained  from  a  nectarine  twig 
e.  Cheek.     Sterile  water  uhis  applied  to  the  leaves 

(f,  Inoculated  with  a  pure  culture  obtained  from  a  peach  twig 
e,  Inoculated  with  a  pure  culture  obtained  from  a  pUtm  twig 
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Pio.  68, —  Burhank  plum  leaves  inoculated  with  pure  cultures  of  Bacterium  Pruni.  The  grofcth  from  a 
aeven-days-old-ftlant  Hifs-glucose  culture  UKU  thoroughly  mixe<l  in  one  hundred  cubic  centimeters  of  sterUe 
water  and  applied  to  the  leaver  by  dipping  the  fingers  into  the  water  and  then  gently  rubbing  the  leaver 
between  thumb  and  fingers.  Inoculations  were  made  on  June  M7,  tOlit  and  the  photograph  %d(U  made  on 
August  £7,  19  tt 

a,  Inoculated  with  a  pure  culture  obtained  from  an  apricot  twig 

b.  Inoculated  with  a  pure  culture  obtiined  from  a  nectarine  twig 
e.  Check.     Sterile  water  was  applied  to  the  leaves 

d.  Inoculated  with  a  pure  culture  obtained  from  a  peach  twig 

e,  Inoculated  vrith  a  pure  culture  obtained  from  a  plum  tvng 
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fall.  The  older,  first  infected  leaves  are  usually,  although  not  always, 
the  first  to  go.  One  leaf  after  another  falls,  leaving  finally  only  a  tuft 
of  young  leaves  at  the  tip  of  each  twig  and  giving  the  tree  a  characteristic 
appearance  (Fig.  60). 

On  the  twigs 

In  some  seasons  black  cankers  form  on  the  twigs  in  early  spring,  but 
as  a  rule  these  do  not  appear  in  abundance  until  May  or  June.  .  The 
first  visible  indication  of  the  canker  is  the  app)earanGe  on  the  young  shoots 
of  a  water-soaked  spot  surrounding  a  lenticel.  In  some  cases  the  diseased 
area  bulges  out,  more  or  less,  in  the  beginning.  As  the  spot  enlarges 
it  soon  elongates.  Single  spots  measure  from  one  to  four  centimeters  in 
length  and  often  extend  from  one-half  to  two-thirds  of  the  way  around  the 
shoot.  The  area  becomes  more  or  less  sunken  in  age,  soon  becomes  brown 
or  purplish  brown,  then  dark  brown,  and  finally  purplish  black  or  black 
(Fig.  61).  It  frequently  happ)ens,  especially  on  the  nectarine  and  the 
peach,  that  several  of  the  spots  become  confluent,  forming  areas  which 
extend  froiri  two  to  three  inches  along  the  stem  and  in  some  cases  com- 
pletely girdle  it.  In  favorable  seasons  the  tips  of  many  of  the  shoots  are 
entirely  blackened  and  killed  (Fig.  62),  this  condition  being  most  prominent 
on  the  nectarine  and  the  peach.  In  most  cases  the  injury  is  overcome 
gradually,  and  as  a  rule  all  traces  of  these  black  cankerous  spots  disappear 
in  the  second  year. 

The  black  spots  on  apricot  twigs  also  disappear  for  the  most  part,  but 
on  plum  twigs  many  of  them  persist  from  year  to  year,  forming  perennial 
cankers.  As  many  as  twenty-two  cankers  in  different  stages  of  develop- 
ment have  been  counted  on  a  single  plum  twig  (a  water  sprout).  Open 
cankers  also  form  on  the  apricot,  the  nectarine,  and  the  peach,  but  they 
are  far  less  abundant  on  these  trees  than  on  the  plum. 

The  disease  is  usually  more  aggressive  during  the  first  two  or  three  years 
after  planting  than  it  is  later.  It  is  not  only  likely  to  defoliate  the  young 
trees  prematurely,  but  in  many  instances  it  kills  back  the  twigs  and 
frequently  stunts  the  trees.  A  case  of  this  sort  was  under  observation, 
in  which  two  hundred  Elberta  peach  trees  from  an  infected  nursery  were 
mixed  with  a  shipment  of  twenty-three  thousand  healthy  trees.  Within 
three  years  from  the  time  of  planting,  every  tree  in  the  orchard  was  more 
or  less  diseased,  and  many  of  the  trees  remained  small  and  produced 
small,  inferior  fruit. 
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On  the  fruit 

The  disease  does  not  ordinarily  appear  on  the  fruit  until  about  the 
middle  of  May.  Injured  fruits  of  all  the  four  kinds  of  hosts,  however, 
have  been  collected  early  in  May  (Fig.  63).  The  first  external  signs  of 
the  disease  are  numerous  small  gray  specks  just  below  the  cuticle.  These 
specks  enlarge  slightly  and  soon  take  on  a  water-soaked  appearance  or  a 
purplish  color.  The  skin  over  the  spots  is  soon  ruptured,  producing 
numerous  straight  or  angular  cracks  which  resemble  the  wounds  on  chapped 
hands  (Fig.  64).  Usually  individual  spots  do  not  measure  much  more 
than  two  millimeters  in  diameter,  but  they  are  often  so  numerous  that 
the  cracks  soon  become  confluent  and  frequently  form  a  network,  fissures 
nearly  an  inch  in  length  being  developed  in  some  cases.  On  young  growing 
fruit  it  is  not  imconmion  to  find  rifts  extending  nearly  the  entire  length 
of  the  fruit.  Such  wounds  mar  its  appearance  and  in  many  cases  render 
it  worthless  for  market. 

On  all  kinds  of  fruit  the  disease  results  in  the  formation  of  these 
small,  more  or  less  abundant,  crack-like  wounds,  but  certain  varieties 
of  the  nectarine  are  especially  liable  to  this  type  of  injury.  In  some 
cases  the  spots  gradually  widen  and  extend  for  a  considerable  depth  into 
the  tissue,  forming  roundish,  sunken,  black  spots  which  finally  measure 
from  one-fourth  to  one-half  inch  in  diameter.  Rifts  develop  in  the 
blackened  tissue.  These  widen,  and  cracks  appear  throughout  the  dis- 
eased area  which  often  (especially  when  the  disease  is  on  young  develop- 
ing fruit)  finally  extend  beyond  the  dead  into  the  healthy  tissue.  In 
many  cases  the  fruit  becomes  so  badly  distorted  and  cracked  that  it  is 
worthless,  and  it  is  soon  destroyed  by  various  rot-producing  organisms. 

ETIOLOGY 

Historical 

The  pathogen  causing  this  disease  was  first  isolated  by  the  writer  in 
1904  at  the  University  of  Florida.  Many  poured  plate  cultures  were 
made  from  the  spot»  on  injured  leaves  of  both  peach  and  plum.  Cultures 
made  from  the  young  water-soaked  spots  invariably  gave  numerous 
yellow  bacterial  colonies,  and  in  no  case  was  a  species  of  Cercospora  or 
Cylindrosporium  obtained.  Consequently  it  was  concluded  that  the 
disease  was  of  bacterial  origin.     It  was  observed  also  that  the  defoliated 
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twigs  sometimes  showed  one  or  more  blackened,  slightly  sunken  areas. 
These  often  measured  as  much  as  seven  millimeters  in  width  and  extended 
from  five  to  fifty  millimeters  along  the  stem,  in  some  cases  the  entire 
end  of  the  twig  being  blackened.  Cultures  from  these  areas  produced 
yellow  bacterial  colonies. 

On  taking  up  work  at  the  Missouri  State  Fruit  Experiment  Station  in 
1906,  the  writer  observed  that  the  twigs  of  some  varieties  of  peach  and 
plum  in  Missouri  also  showed  blackened,  sunken  areas,  and  poured  plate 
cultures  from  the  diseased  tissue  in  many  cases  gave  yellow  bacterial 
colonies.  About  the  middle  of  June,  1906,  it  was  observed  that  the 
foliage  of  trees  bearing  the  diseased  twigs  had  developed  the  shot-hole 
condition  to  a  marked  extent,  while  the  foliage  on  trees  with  twigs  free 
from  the  blackened  areas  was  quite  free  from  shot-hole.  The  fruit  on 
Abundance  and  Burbank  plum  soon  develop)ed  many  typical  black-spot 
areas,  from  which  pure  cultures  of  a  yellow  organism  were  easily  obtained. 
A  little  later  m^my  peach  fruits  developed  numerous  small  cracks.  These 
were  at  first  supposed  to  be  due  to  the  work  of  curculio,  but  a  careful 
examination  showed  bacteria  to  be  present  in  enormous  numbers. 

A  careful  study  soon  proved  that  the  organism  had  invaded  the  apricot 
and  the  nectarine  in  much  the  same  way  as  it  had  the  peach  and  the 
plum.  The  fruit  of  the  nectarine  in  the  station  variety  orchard  in  1906 
was  so  badly  cracked  as  a  result  of  the  attack  of  this  organism  that  the 
entire  crop  was  destroyed  by  various  decay  organisms  long  before  the 
ripening  period.  Some  of  the  apricot  fruits  developed  the  typical  black 
spot.  The  twig  cankers  on  both  apricot  and  nectarine  were  fully  as 
plentiful  as  on  the  peach,  and  premature  defoliation  also  occurred  on  both 
apricot  and  nectarine  trees. 

Nomenclature 

Since  bacteriologists  have  not  yet  adopted  an  international  code  of 
nomenclature,  it  does  not  seem  advisable  to  enter  here  into  an  extended 
discussion  of  the  limits  of  genera,  the  selection  of  types,  or  the  position 
of  this  organism  in  the  various  systems  of  classification  proposed.  The 
writer  has  therefore  elected  to  follow  arbitrarily  the  suggestion  given  by 
Erwin  F.  Smith  (1905  a).  The  organism  was  first  described  by  Smith 
(1903)  under  the  name  Pseudomonas  Pruni,  Later,  however,  it  became 
Bacterium  Pruni,  when  Smith  substituted  the  generic  name  Bacterium 
Cohn  emend,  for  Pseudomonas  Migula. 
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Pathogenicity 

Conclusive  proof  of  the  pathogenic  nature  of  this  organism  was  obtained 
in  1904  by  Smith  (1905  a),  by  inoculating  the  foliage  and  the  fruit  of 
Abundance  plum.  The  pure  culture  of  the  organism  used  in  inoculation 
was  obtained  from  plum  fruit  of  the  same  variety.  The  organism  from 
several  young-slant  agar  cultures  was  scraped  into  two  hundred  cubic 
centimeters  of  sterile  water  and  sprayed  with  an  atomizer  on  the  foliage 
and  fruit  of  a  five-years-old  tree.  Diseased  spots  developed  on  both 
leaves  and  fruit  in  from  ten  to  twelve  days  and  became  numerous  after 
fourteen  days.  Poured  plates  from  the  fruit  and  the  leaves  of  the  inocu- 
lated trees  yielded  numerous  colonies  of  the  yellow  organism.  In  1907 
Smith  (1908)  also  successfully  inoculated  the  foliage  of  a  peach  tree  with 
the  plum  organism.  Rorer  (1909)  isolated  the  organism  from  peach 
leaves  in  1906,  and  the  following  year  made  a  series  of  successful  inocula- 
tions with  it  on  the  foliage  of  Elberta  peach  trees  at  Bentonville,  Arkansas. 
His  results  agree  in  every  way  with  those  obtained  by  Smith  with  the 
plum  organism.  Rorer  also  obtained  pure  cultures  of  the  organism  from 
peach  twigs  and  reported  its  occurrence  on  peach  fruit.  He  found  the  cul- 
tural characters  of  the  plum  and  peach  organisms  to  be  exactly  the  same. 

In  1907,  at  Mountain  Grove,  Missouri,  the  writer  repeated  and  confirmed 
Smith's  experiments  on  the  plum,  and  extended  the  infection  experiments 
to  apricot,  nectarine,  and  peach.  The  organism  used  was  isolated 
from  an  Abundance  plum  fruit  and  grown  in  pure  culture.  The  organism 
was  scraped  from  several  slant  agar  cultures  into  one  hundred  cubic 
centimeters  of  sterile  water,  and  sprayed  with  an  atomizer  on  the  fruit 
and  leaves  of  eight-years-old  trees  of  Royal  apricot,  Victoria  nectarine, 
Elberta  peach,  and  Abundance  plum.  The  inoculations  were  made 
during  a  light,  drizzling  rain.  Disease  spots  developed  on  fruit  and 
leaves  of  all  four  hosts  within  twelve  days,  and  after  fifteen  days  they 
became  very  numerous.  Poured  plates  from  the  fruit  and  the  leaves 
of  the  inoculated  trees  yielded  numerous  colonies  of  the  yellow  organism. 
However,  several  of  the  check  leaves  on  the  apricot  and  the  nectarine, 
trees  also  developed  spots  from  which  the  yellow  organism  was  obtained. 
Pure  cultures  of  the  organism  were  obtained  by  the  writer  from  leaves 
and  twigs  of  apricot,  nectarine,  peach,  and  plum.  These  strains  and 
the  one  obtained  from  an  Abundance  plum  fruit  were  grown  side  by  side  on 
various  culture  media,  and  were  exactly  alike  in  all  cultural  characters. 
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In  1909,  at  Mountain  Grove,  cross  inoculations  with  the  four  strains 
obtained  from  the  leaves  were  made  on  eight-years-old  Royal  apricot, 
Victoria  nectarine,  Elberta  peach,  and  Abundfmce  plum  trees.  Two 
hundred  leaves,  fifty  fruits,  and  twenty  twigs  were  used  in  each  case. 
The  organism  from  young-slant  Hiss-glucose  cultures  was  thoroughly 
mixed  with  sterile  water  and  sprayed  on  the  leaves  and  the  fruit  with 
an  atomizer.  Each  of  the  twenty  twigs  wafe  inoculated  at  four  points 
with  a  hypodermic 'syringe.  Spots  appeared  on  the  leaves  of  all  the 
Inoculated  trees  in  ten  days,  and  on  the  fruit  in  from  twelve  to  fifteen 
days.  The  inoculated  tissue  on  the  twigs  assumed  a  water-soaked  appear- 
ance in  from  four  to  eight  days,  becoming  dark  brown  and  finally,  in 
about  twenty-five  days,  almost  black.  Poured  plate  cultures  from  the 
spots  on  leaves,  fruit,  and  twigs  yielded  numerous  colonies  of  the  yellow 
organism.  Three  of  the  check  leaves  on  peach,  also  developed  a  number 
of  brown  spots. 

'  In  1910,  at  Moimtain  Grove,  cross  inoculations  with  strains  of  the 
organism  from  the  fruit  of  the  four  hosts  were  made  on  eight-years-old 
Royal  apricot,  Victoria  nectarine,  Elberta  peach,  and  Burbank  plum 
trees.  Fifty  leaves  and  ten  twigs  were  used  in  each  case.  The  organism 
from  yoimg-slant  Hiss-glucose  cultures  was  scraped  into  sterile  water. 
The  fingers  were  dipped  into  this  water,  and  the  material  was  applied  to 
the  lower  surface  of  the  leaf  by  gently  rubbing  the  leaf  between  thumb 
and  fingers.  Each  twig  was  inoculated  at  six  points  with  a  hypodermic 
syringe.  Gray  spots  appeared  on  the  leaves  of  all  trees  in  from  six  to 
seven  days,  and  water-soaked  spots  appeared  in  great  numbers  about 
the  tenth  .day.  The  inoculated  tissue  on  the  twig  assimied  a  water- 
soaked  appearance  in  from  five  to  seven  days  and  became  dark  brown  in 
about  twenty-five  days.  Poured  plates  from  the  spots  on  leaves  and  twigs 
yielded  colonies  of  the  organism  more  or  less  abundantly.  All  the  twig 
check  wounds  soon  healed,  and  the  check  leaves  remained  free  from  spots. 

In  1911,  at  Ithaca,  New  York,  cross  inoculations  with  the  four  strains 
obtained  from  the  twigs  of  the  four  different  hosts  were  made  on  three- 
years-old  Elberta  peach  and  four-years-old  Abundance  plum  trees.  The 
organism  from  young-slant  Hiss-glucose  cultures  was  thoroughly  mixed 
with  sterile  water  and  sprayed  on  the  leaves  with  an  atomizer.  Twelve 
twigs  were  used  in  each  case,  and  each  twig  was  inoculated  at  five  points 
with  a  hypodermic  syringe.    Spots  on  the  leaves  developed  in  nine  days, 
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and  after  twelve  days  water-soaked  spots  appeared  abundantly.  The 
inoculated  tissue  on  the  twigs  assumed  a  water-soaked  appearance  in 
most  cases  by  the  seventh  day.  The  typical  black-spot  and  black-tip 
condition  of  the  twig  did  not  develop  until  after  the  twenty-fifth  day. 
Poured  plate  cultures  from  the  young  leaf  spots  and  the  black  spots  on 
the  twigs  yielded  colonies  of  the  organism  abundantly.  Pure  cultures 
of  the  organism  from  the  twigs -of  the  four  kinds  of  trees  were  grown 
side  by  side  on  various  culture  media  for  six  week^,  and  in  all  cultural 
characters  the  strains  were  the  same.  All  check  wounds  on  the  twigs 
soon  healed,  and  the  check  leaves  remained  free  from  spots. 

In  1912,  at  Ithaca,  cross  inoculations  with  strains  of  the  organism 
from  twigs  of  the  four  hosts  were  made  on  three-years-old  Alexander 
apricot,  Early  Violet  nectarine,  Elberta  peach,  and  Burbank  plum  trees 
(Figs.  59,  65,  and  66).  One  hundred  leaves  and  from  twelve  to  twenty 
twigs  were  used  in  each  case.  The  organism  from  young-slant  Hiss- 
glucose  cultures  was  scraped  into  sterile  water.  The  fingers  were  then 
dipped  into  the  water,  and  the  material  was  applied  to  the  lower  surface 
of  the  leaf  by  gently  rubbing  the  leaf  between  thumb  and  fingers.  Each 
twig  was  inoculated  at  from  three  to  five  points  with  a  hypodermic  syringe 
(Fig.  61).  Spots  on  the  leaves  appeared  in  from  five  to  seven  days, 
and  water-soaked  spots  became  numerous  after  the  eighth  day.  The 
inoculated  tissue  on  the  twigs  took  on  a  water-soaked  appearance  in  about 
seven  days,  but  did  not  become  dark  brown  until  after  the  twenty-fifth 
day.  Both  leaf  and  twig  spots  yielded  the  characteristic  yellow  colonies 
on  poured  plate  cultures.  All  check  wounds  on  the  twigs  soon  healed, 
and  the  check  leaves  remained  free  from  spots. 

Morphology 

Vegetative  cells, —  The  organism  is  a  rather  short  rod,  with  rounded  ends. 
It  is  found  singly,  in  pairs,  and,  in  liquid  media,  often  in  short  chains. 
Individuals  from  a  forty-eight-hours-slant  Hiss-glucose  culture  are  from 
0.8  to  0.9  /A  in  length  and  from  0.3  to  0.5  m  in  width.  Bacteria  taken 
directly  from  the  twig  cankers  and  stained  with  gentian  violet  measure 
from  1.6  to  1.8  /i  in  length  and  from  0.4  to  0.6  m  in  width. 

Endospores. —  No  endospores  have  been  observed. 

Flagella, —  The  organism  is  motile  by  means  of  one  or  several  polar 
flagella.    Both  Bitfield's  and   Moore's  flagella  stains  were   used   with 
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good  results.  The  flagella  were  also  stained  without  a  mordant,  by 
exposing  the  covers  to  carbol  f uchsin  for  from  twenty-five  to  fifty  minutes 
and  carefully  washing  in  alcohol  (Fig.  67). 

Capsules, —  Capsules  have  frequently  been  stained  in  material  obtained 
from  Uschinsky's  solution  by  both  Welches  and  Moore's  methods. 

Zoogkece. —  Zooglceae  are  fre- 
quently found  on  various  media. 

Irwohdion  forms. —  No  involu- 
tion fonns  have  been  observed. 

Staining  reactions. — The  organ- 
ism stains  readily  with  the  ordi- 
nary aqueous  stains — aniline 
gentian  violet,  and  carbol  fuchsin. 

Gramas  stain. —  Many  efforts  at 
staining  were  made  with  Gram's 
method,  but  the  results  were  not 
sufficiently  sharp  and  decisive  to 
warrant  a  conclusion.  In  no  case 
was  the  stain  completely  lost,  nor 
was  it  ever  retained  in  the  orig- 
inal intensity.  The  aniline  gentian  violet  and  iodine  solutions  were  used 
for  two  minutes  and  the  preparations  were  left  in  absolute  alcohol  for 
three  minutes.  In  no  case  were  the  mounts  washed  in  alcohol  as  iatensely 
stained  as  those  not  treated  with  alcohol,  and  consequently  the  organism 
must  be  regarded  as  Gram  negative. 

Add-fast. —  The  organism  is  not  acid-fast. 

Cultural  characters 
Source  of  cultures. —  Eighteen  strains  were  used  for  each  test,  one 
from  the  apricot,  one  from  the  nectarine,  nine  from  the  peach,  and  seven 
from  the  plum.  The  reactions  of  all  the  strains  on  the  various  media 
were  uniform,  and  no  marked  differences  were  observed  except  in  one  of 
the  plum  strains,  which  invariably  grew  most  rapidly.  The  growth  of 
this  strain  on  potato  plugs  was  more  abundant  than  that  of  any  of  the  other 
strains.  Its  growth  on  Hiss-glucose  was  often  a  number  of  hours  in  advance 
of  the  other  cultures.  Where  there  was  any  difference  in  the  reaction 
one  of  the  normal  plum  strains  was  always  used  as  a  basis  for  comparison. 


Fig.  67. — Fltigella  of  Bacterium  Pruni.  Stained 
from  a  culture  of  the  peach  strain  of  the  organ- 
ism  grown  in  houUlon 
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Nvinerd  agar  colonies, —  When  plantings  were  made  from  bouillon 
cultures  six  days  old  at  room  temperature  of  about  25°  C,  the  colonies 
appeared  as  mere  specks  in  from  forty  to  forty-eight  hours.  Plantings 
made  from  diseased  host  tissue  developed  colonies  in  from  three  to  ten 
days  (usually  from  four  to  seven).  No  growth  occurred  at  37°  C.  The 
colonies  were  moist  and  glistening,  and  at  first  were  almost  white  but 
later  became  amber  yellow.'  When  not  crowded,  the  surface  colonies 
were  round  and  reticulate,  and  reached  a  diameter  of  about  one  to  five 
millimeters  in  ten  days,  with  a  smooth  surface,  an  entire  edge,  and  a  finely 
granular  internal  structure.  The  deeper  colonies  were  elliptical  or 
lenticular.  On  plates  twenty-five  days  old,  colonies  measured  from  ten 
to  twenty-five  millimeters  in  diameter.  They  had  dark,  translucent 
centers  surrounded  by  a  much  lighter,  often  concentrically  ringed,  zone. 

Nutrient  agar  streaks. —  On  slanted  agar  the  streak  made  with  a  platinum 
needle  developed  a  moderate  amber-white  (4)  growth.  The  streak 
widened  slowly,  chiefly  toward  the  bottom,  made  a  filiform  growth,  and  was 
raised,  with  a  slightly  contoured  surface  and  an  entire  edge;  it  was  trans- 
lucent, with  a  glistening  luster,  and  was  slightly  viscid;  it  did  not  color  the 
agar  on  which  it  grew,  at  least  not  for  a  number  of  weeks.  Growth  was  mod- 
erate. After  five  or  six  days  the  growth  began  to  flow  downward,  and  finally 
accumulated  in  an  amber  yellow  (1),  slimy  mass  at  the  base  of  the  slant. 

NvirierU  agar  stab, —  On  agar  stab  the  growth  was  filiform,  and  was  best 
toward  the  top  of  the  stab,  there  being  very  little  or  no  growth  in  the 
lower  half  of  the  medium.  A  circular  colony  formed  on  the  surface  at  the 
point  of  inoculation,  and  gradually  spread,  completely  covering  the  surface 
in  about  seven  or  eight  days  with  a  straw  yellow  (2)  growth,  The  agar 
was  not  Uquefied  nor  softened. 

Gelatin  colonies, —  On  gelatin  plates  at  room  temp)erature  of  about 
25°  C,  the  colonies  appeared  as  mere  specks  in  from  forty-five  to  fiifty 
hours.  They  were  at  first  almost  white,  translucent,  moist,  and  glisten- 
ing. On  the  fourth  day  they  measured  about  one  millimeter  in  diameter. 
Both  buried  and  surface  colonies  were  round,  finely  granular,  and  with  an 
entire  edge,  becoming  with  age  amber  yellow  (2)  in  color.  Liquefaction 
began  usually  on  the  third  day,  the  colonies  becoming  saucer-shaped, 
spreading,  and  liquefjdng  the  medium  in  twelve  days  or  more. 

3  All  the  color  terms  uf  cd  in  this  paper  are  baf  ed  on  Ren<6  OberthQr's  Ripertoire  de  Coulrurt^  published 
by  La  Soci6t6  Francaise  dea  Chryaantbdmistes  in  1906. 
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Gelatin  streaks. —  On  slanted  gelatin  (+15)  at  room  temperature  of 
about  25°  C,  the  streak  having  been  made  with  a  one-millimeter  loop, 
a  light,  semi-transparent  growth  was  noticed  after  two  days  along  the 
entire  path  of  the  loop.  In  four  days  there  was  a  slight  liquefaction 
along  the  streak.  .  On  the  .fifth  day  the  growth  was  amber  yellow  (1)  in 
color,  hquefaction  had  extended  the  entire  length  of  the  streak,  and  the 
growth  was  about  ten  millimeters  wide  and  five  deep.  On  the  eighth  day 
all  material  in  the  slant  down  to  three  millimeters  below  the  base  of  the 
slant  had  been  liquefied.  Complete  hquefaction  occurred  in  from  twelve 
to  thirty  days. 

Gelatin  stab,  —  In  gelatin  ptab  the  path  of  the  needle  became  beaded, 
but  usually  in  the  upper  twenty-five  millimeters  of  the  medium  it  at  first 
became  more  or  less  fiUform.  The  growth  on  the  surface  was  most  rapid, 
and  liquefaction,  which  began  about  the  third  day,  soon  passed  to  the  walls 
of  the  tubes  and  then  slowly  downward.  The  growth  in  the  depth  of  the 
gelatin  soon  ceased  and  the  material  along  the  track  of  the  needle  was  not 
liquefied  more  rapidly  than  that  away  from  its  path.  The  Uquefied 
gelatin  was  at  first  more  or  less  clouded  and  was  of  about  the  same  color 
as  the  solid  material,  but  later  it  cleared  and  took  on  a  raw  sienna  (2) 
color.  A  bacterial  layer  Naples  yellow  (3)  in  color  soon  formed  on  the 
soUd  gelatin  and  gradually  settled  as  the  material  liquefied.  Both  a 
rim  and  a  pellicle,  cream  yellow  (2)  in  color,  finally  formed.  Complete 
liquefaction  occurred  in  from  several  days  to  six  weeks  or  longer,  depending 
on  the  temperature,  the  strain  of  the  organism,  and  the  composition  of 
the  culture  material.  In  four  months  the  liquefied  material  was  viscid, 
was  raw  sienna  (4)  in  color,  and  had  a  thick,  slimy,  Naples  yellow  (3), 
bacterial  deposit  in  the  bottom  of  the  tube. 

Hiss-Glucose  colonies, —  Plantings  made  on  Hiss-glucose  from  six-days- 
old  bouillon  cultures  came  up  in  from  two  to  ten  days  (usually  from  four 
to  seven)  at  room  temperature  of  from  23°  to  25°  C,  forming  colonies  from 
one  to  four  millimeters  in  diameter  in  about  eight  days.  No  growth 
occurred  at  37°  C,  but  at  25°  C.  colonies  app)eared  in  forty-eight  hours. 
The  colonies  were  at  first  almost  white,  translucent,  moist,  and  glisten- 
ing, but  later  became  amber  yellow  (1).  When  not  crowded,  the  surface 
colonies  were  round,  with  an  entire  edge,  the  surface  being  smooth  with 
a  more  or  less  convex  elevation,  and  the  internal  structure  being  finely 
granular.    The  deeper  colonies  were  elliptical  or  lenticular  in  form.  Plates 
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containing  twenty  cubic  centimeters  of  the  medium  developed  single 
surface  colonies  in  thirty  days  which  measured  from  sixteen  to  thirty 
millimeters  in  diameter.  The  older  colonies  were  amber  yellow  (4)  in 
color,  were  convex,  showed  a  dark  central  nucleus,  and  were  often  con- 
centrically ringed.  The  smaller,  thin  colonies  had  a  semi-transparent 
luster. 

Hiss-glucose  streaks, —  On  Hiss-glucoee  slant-tube  medium  (+15),  the 
streak  having  been  made  with  a  millimeter  loop,  growth  was  noticed  in 
forty-eight  hours  at  room  temperature  of  about  25®  C.  A  convex,  slimy, 
straw  yellow  (2)  growth  developed  along  the  path  of  the  loop.  The  streak 
widened  gradually  (chiefly  toward  the  bottom),  soon  became  filiform,  and 
in  ten  days  completely  covered  the  slant  with  a  slimy  yellow  (2)  growth. 
In  culture  three  or  four  months  old  the  raedimn  was  browned.  Some 
of  the  growth  soon  moved  downward  and  formed  a  slimy  deposit  at  the 
base  of  the  slant,  which  finally  became  amber  yellow  (4)  in  color.  As  the 
medium  dried  out  the  slimy  deposit  gradually  settled,  and  in  the  five- 
and  six-months-old  cultures  there  was  a  slimy,  amber  yellow  (4)  bacterial 
deposit  from  five  to  ten  millimeters  deep  in  the  bottom  of  the  tube. 
Inoculated  tubes  placed  in  the  incubator  at  about  37**  C.  also  covered  the 
slants  in  ten  days,  but  the  growth  was  of  about  the  same  color  as  the 
medium. 

Hiss-glucose  stab, —  In  Hiss-glucose  stab  the  growth  was  filiform  and 
best  toward  the  top  of  the  stab,  there  being  very  little  or  no  growth  in 
the  lower  part  of  the  tube.  A  circular  growth  formed  on  the  surface  at 
the  point  of  inoculation,  and  covered  the  surface  in- six  or  seven  days. 
The  medium  was  not  liquefied  nor  softened. 

Potato  agar  streaks, —  In  potato  agar  a  slightly  raised,  wet,  shining 
growth  develop)ed  along  the  path  of  the  needle  in  two  or  three  days  at 
room  temperature  of  25**  C.  The  streak  gradually  widened,  and  finally 
covered  about  two-thirds  of  the  surface  of  the  slant,  becoming  amber 
yellow  (1)  in  color.  Some  of  the  slimy  growth  soon  moved  downward 
and  formed  a  deposit  at  the  base  of  the  slant.  Growth  was  moderate, 
never  completely  covering  the  slant. 

Dextrose  litmus  agar  streak. —  In  dextrose  litmus  agar,  there  was  slight 
growth  along  the  path  of  the  needle  in  two  days.  The  streak  was  slightly 
elevated,  and  widened  most  rapidly  at  the  bottom,  becoming  filiform. 
The  slimy  growth  passed  downward  and  accumulated  at  the  base  of  the 
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slant,  and  the  medium  below  the  mass  became  entirely  bleached  in  five 
or  six  weeks. 

Lactose  litmvs  agar  streak. —  Growth  in  lactose  litmus  was  not  so  marked 
as  on  the  dextrose  litmus  medium.  There  was  slight  growth  along  the 
path  of  the  needle  by  the  close  of  the  second  day.  The  streak  was  slightly 
elevated,  and  it  gradually  widened  and  became  filiform.  The  slimy 
growth  passed  downward  and  accumulated  at  the  base  of  the  slant. 
Growth  was  less  abundant,  and  bleaching  below  the  slimy  mass  only 
slight,  at  the  end  of  six  weeks. 

Potato  jilugs, —  Potato  plugs  were  placed  in  running  water  for  three 
hours,  and  were  then  put  into  tubes  containing  over  five  cubic  centimeters 
of  distilled  water  (the  lower  end  of  the  plugs  being  in  the  water)  and 
sterilized  for  twenty-five  minutes  at  100°  C.  for  three  consecutive  days. 
The  streak  was  made  with  a  platinum  needle  from  a  six-days-old  nutrient 
agar  culture.  The  tubes  were  kept  at  room  temperature  of  about  25°  C. 
A  slightly  yellow,  glistening  streak  developed  along  the  path  of  the  needle 
in  two  days.  It  made  a  moderate,  slightly  raised,  echinulate  growth, 
covering  from  one-half  to  two-thirds  of  the  slant  in  about  ten  days  but 
never  completely  covering  it.  One  of  the  strains,  however,  repeatedly 
covered  the  entire  surface  of  the  cylinders  in  from  five  to  six  days.  The 
growth  had  a  contoured,  wet,  glistening,  amber  yellow  (2)  app)earance. 
It  was  slimy,  was  free  from  odor,  and  turned  the  cylinder  slightly  gray. 
Most  of  the  strains  had  only  a  slight  action  on  potato  starch. 

Bouillon, —  Both  meat  broth  and  meat  extract  bouillon  were  used. 
The  meat  broth  material  gave  an  acid  reaction  of  +  15  Fuller's  scale,  and 
the  meat  extract  bouillon  recorded  +  12.  Inoculations  were  made  from 
a  three-days-old  bouillon  culture.     All  cultures  were  kept  at  about  25°  C. 

The  medium  was  clouded  after  from  twenty-four  to  forty-eight  hours. 
An  amber  yellow  (1)  rim  formed  in  from  twelve  to  fifteen  days,  followed 
by  formation  of  a  pellicle.  On  being  shaken,  the  material  settled  in 
the  form  of  yellow,  viscid  flakes.  The  material  cleared  in  about  six  or 
eight  weeks  and  became  raw  sienna  (3)  in  color,  with  a  slimy,  amber 
yellow  (2)  bacterial  growth  in  the  bottom  of  the  tube.  Very  little  difference 
was  observed  in  the  growths  of  the  organism  in  extract  bouillon  and  in 
broth  bouillon. 

Milk. —  The  milk  used  was  maize  yellow  (1)  in  color,  due  to  over- 
heating in  sterilizing,  and  was  about  1.8  per  cent  acid.    All  tubes  were 
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inoculated  with  a  one-millimeter  loop  of  beef  broth  culture  three  days 
old,  and  kept  at  25°  C. .  Two  days  after  inoculation  there  was  a  slight 
whey  ring  at  the  surface  of  the  milk;  after  four  days  the  ring  was  three 
or  four  millimeters  deep.  Smith  (1903)  states  that  this  organism  slowly 
precipitates  casein,  which  is  then  gradually  redissolved. 

In  about  ten  dajrs  the  whey  ring  was  five  or  six  millimeters  deep  and 
was  amber  yellow  (3)  in  color,  and  the  fluid  cm-d  gradually  changed  to 
yellowish  tan  (4)  in  color.  The  amount  of  clear  whey  gradually  increased, 
and  in  about  twenty-five  days  it  became  gamboge  yellow  (2)  and  the 
curd  gradually  became  sienna  (4)  in  color.  The  whey  was  viscid,  while 
the  mobile  precipitate  finally  became  a  compact,  slimy  mass.  An  amber 
yellow  pellicle  was  formed  in  from  fifteen  to  twenty  days.  Filamentary 
threads  often  extended  from  the  pellicle  to  the  curd  below.  The  pellicle 
finally  settled.  On  shaking  tubes  containing  a  well-formed  pellicle,  yellow, 
slimy  threads  sometimes  extended  from  the  surface  of  the  medium  to  the 
bottom  of  the  tube. 

An  amber  yellow  (2)  layer  of  the  organism  soon  formed  on  the  curd, 
and  gradually  lowered  in  the  tube  as  the  curd  dissolved.  About  the. 
twenty-second  day  many  white  tyrosine  crystals  formed  in  this  layer. 

About  the  forty-fifth  day  the  pellicle  in  many  cases  had  settled.  The 
whey  now  constituted  three-fourths  of  the  material,  was  viscid,  and  was 
safiFron  yellow  (4)  in  color.  The  precipitate  was  a  yellow-buff  (1),  slimy 
mass  dotted  with  white  tyrosine  crystals. 

In  four-months-old  cultures  the  material  was  about  one-half  dried 
out  and  the  whey  constituted  about  one-half  of  the  material.  It  was 
Indian  chestnut-red  (2)  in  color,  with  a  thick,  slimy,  fawn-colored  (2) 
coagulum  dotted  with  white  tyrosine  crystals. 

Litmus  milk, —  In  the  test  with  litmus  milk,  the  culture  material  had 
been  incubated  at  37°  C.  for  forty-eight  hours  just  before  the  inocu- 
lations were  made.  It  was  violet  (4)  in  color,  and  a  one-millimeter 
loop  of  a  three-days-old  beef  broth  culture  was  used  for  inoculating 
each  tube. 

On  the  second  day  a  bluish  violet  (4)  ring  two  millimeters  deep  had 
formed  on  the  surface  of  the  medium,  and  by  the  fourth  day  the  surface 
ring  was  from  six  to  eight  millimeters  deep,  in  many  cases  having  an 
amber  yellow  (1)  rim.  The  material  below  the  bluish  violet  (4)  ring 
still  retained  its  original  color,  but  gradually  became  dark  violet. 
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In  about  fifteen  days  the  top  ring  became  pansy  violet  (4)  in  color 
and  was  from  eight  to  ten  millimeters  wide.  The  amber  yellow  (4)  rim 
was  more  prominent  and  usually  a  pellicle  was  formed.  In  some  cases 
the  deposit  below  the  whey  had  changed  to  madder  brown  (2)  in  color. 

By  the  twenty-fifth  day  an  amber  yellow  (1)  pellicle  had  formed,  in 
some  cases  with  filamentary  threads  extending  to  the  deposit  below.  On 
shaking  of  the  tubes,  the  pellicle  formed  into  thick,  slimy  threads  some- 
times extending  from  the  surface  of  the  medium  to  the  bottom  of  the 
tube.  In  some  cases  the  litmus  was  wholly  reduced  by  the  twenty-fifth 
day.  The  whey  ring  was  about  twenty-five  millimeters  deep,  with  the 
upper  five  millimeters  pansy  violet  (3)  and  the  lower  twenty  millimeters 
yellow  lake  (3)  in  color.  The  deposit  in  the  bottom  of  the  tube  was 
brownish  drab  (2)  in  color,  and  was  covered  with  an  amber  yellow  (1)  layer 
of  the  organism  often  three  to  four  millimeters  deep.  Many  white  tyrosine 
crystals  had  formed  in  this  layer.  In  about  forty-five  days  the  pellicle 
had  settled,  leaving  a  dull  yeUow-green  (1)  rim.  The  litmus  had  been 
in  some  cases  completely,  and  in  others  only  partially,  reduced,  but  the 
material  in  most  of  the  tubes  had  returned  to  a  darker  color.  The  whey 
by  transmitted  light  was  plum-violet  (4)  in  color.  There  was  a  thick, 
slimy,  brown-drab  (2)  deposit  in  the  bottoip  of  the  tube,  about  10  milli- 
meters deep,  and  on  the  top  of  this  an  amber  yellow  (2)  layer  of  the  oi^an- 
ism.    Tyrosine  crystals  were  scattered  throughout  the  entire  slimy  mass. 

In  four-months-old  cultures  one-half  of  the  material-  had  dried  out. 
The  pellicle  had  settled,  and  a  plum-violet  (3)  whey  ring  about  twenty 
millimeters  deep  covered  a  thick,  slimy,  brownish  drab  (2)  deposit  six 
millimeters  deep  in  the  bottom  of  the  tube.  An  amber  yellow  (2)  layer  of 
the  organism  on  the  top  of  the  deposit  was  still  rather  prominent.  Masses 
of  white  tyrosine  crystals  appeared  throughout  the  entire  slimy  deposit. 

Fermentation  tvbea. —  A  basal  solution  was  made  by  adding  two  per  cent 
of  Witte's  peptone  to  water.  Six  solutions  were  made  from  this,  each 
containing  one  per  cent,  respectively,  of  one  of  the  following  carbon 
compoimds:  glycerin,  saccharose,  mannite,  dextrose,  maltose,  lactose. 
Five  fermentation  tubes  were  filled  with  each  of  these  solutions  and 
sterilized  by  heating  for  twenty-five  minutes  on  three  successive  days. 
Three  tubes  of  each  set  were  inoculated  and  two  were  left  as  a  control. 
The  inoculated  tubes  each  received  a  one-miUimeter  loop  of  culture 
material  from  a  five-days-old  peach  bouillon  culture. 
26 
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Five  dayB  after  inoculation  a  cloudiness  appeared  in  the  open  arm  of 
each  of  the  inoculated  tubes.  This  turbidity  increased  with  age,  extend- 
ing more  than  halfway  into  the  U  in  the  dextrose,  saccharose,  and  maltose 
cultures;  but  at  the  end  of  twenty-five  days  there  was  no  growth  in  the 
closed  arm  and  no  gas.  There  was  a  well-defined  line  between  the  growth 
in  the  bulb  and  the  clear  Uquid  in  the  closed  arm,  which  seemed  to  point 
strongly  toward  the  aerobic  nature  of  the  organism.  A  pellicle  had 
formed  on  all  the  dextrose,  maltose,  and  saccharose  cultures,  and  in 
most  cases  there  was  a  yellow,  slimy  growth  of  the  organism  at  the  bottom 
of  the  open  arm.    There  was  very  Uttle  growth  in  the  mannite  tubes. 

The  cultures  were  tested  for  acidity  after  they  had  grown  for  twenty- 
five  days.  In  glycerin  the  acidity  increased  from  +0.8  to  +  1 ;  in 
saccharose,  from  -1-0.9  to  +1.1;  in  mannite,  from  +  0.9  to  +  1;  in 
dextrose,  from  +  1  to  +  2.5;  in  maltose,  from  +  0.8  to  +1;  in  lactose, 
from  +  0.8  to  +  1.1. 

Uschinsky^s  solution. —  In  the  test  with  Uschinsky's  solution,  tubes 
were  inoculated  from  a  four-days-old  broth  culture.  A  one-millimeter 
loop  of  the  material  was  placed  in  each  tube. 

The  tubes  were  aU  clouded  after  three  dajrs.  The  solution  often  became 
viscid  in  about  twenty-five  days.  A  cream  yellow  (1)  pelhcle  formed  in 
from  twenty  to  thirty  days  or  later.  The  pellicle  finally  settled,  forming 
a  slimy,  cream  yeUow  (3)  bacterial  mass  in  the  bottom  of  the  tube. 

Sodium  chloride  bouiUon. —  A  one-millimeter  loop  of  a  six-days-old, 
+  12,  peptonized  beef  broth  culture  was  placed  in  tubes  of  peptonized 
beef  broth  containing,  respectively,  1,  2,  3,  4,  5,  6,  and  7  per  cent  of  chemi- 
cally pure  sodium  chloride.  Three  tubes  were  inoculated  with  cultures 
of  each  kind  of  host  —  apricot,  nectarine,  peach,  and  plum.  At  the  end 
of  seven  days  clouding  was  apparent  in  all  tubes  containing  1,  2,  and  3  per 
cent  of  sodimn  chloride.  Both  the  peach  and  the  plum  organisms  grew 
in  a  3.5-per-cent  salt  bouillon.  There  was  no  clouding  in  the  4-,  5-,  6-, 
or  7-per-cent  solutions. 

Growth  in  bouiUon  over  chloroform. —  By  means  of  a  sterile  pipette,  five 
cubic  centimeters  of  chloroform  was  added  to  fifteen  cubic  c^itimeters  of 
bouillon.  Fifteen  tubes  were  shaken  twice  a  day  during  the  period  of  this 
test.  On  the  eighth  day  the  tubes  were  divided  into  five  lots,  four  of  which 
were  inoculated  with  six-days-old  bouillon  cultures  of  apricot,  nectarine, 
peach,  and  plum  organisms,  respectively;  the  fifth  lot  being  used  as  a 
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control.  These  cultures  were  under  observation  for  thirty-two  days,  but 
no  growth  was  observed  in  any  of  the  tubes. 

Nitrogen  niUrition. —  In  filtered  river  water  containing  one  per  cent 
of  asparagin,  the  organism  made  a  slow  initial  growth  first  visible  in  six 
days.  When  distilled  water  was  used  the  first  signs  of  growth  failed  to 
appear  before  the  tenth  day,  and  in  some  cases  as  late  as  the  fifteenth 
day,  even  when  the  strongest,  oldest  cultures  were  used.  A  very  sUght 
growth  was  obtained  in  river  water  containing  only  dextrose.  River 
water  alone  failed  to  give  any  growth. 

Nitrates. —  Twelve  tubes,  each  containing  ten  cubic  centimeters  of 
peptonized  beef  broth  to  which  had  been  added  one  per  cent  of  nitrate 
of  potash,  were  divided  into  four  lots  of  three  tubes  each.  The  solutions 
in  each  lot  were  then  inocxilated  with  apricot,  nectarine,  peach,  and 
plum  strains,  respectively. 

At  the  end  of  ten  days  the  tubes  were  clouded  and  a  tube  from  each 
lot  was  tested  for  nitrates  in  the  following  maimer:  To  each  culture  one 
cubic  centimeter  of  boiled  starch  water  and  one  cubic  centimeter  of 
potassium  iodide  solution  (1-200)  were  added.  A  few  drops  of  sulfuric 
acid  were  then  introduced.  The  p)each  and  plum  cultures  gave  a  sUght 
blue  reaction,  and  on  the  twentieth  day  the  remaining  tubes  each  gave  a 
distinct  reaction.  However,  six  months  later  these  experiments  were 
again  repeated  three  times,  with  the  same  strains  of  the  four  organisms, 
and  not  a  single  culture  gave  the  reaction. 

Irvdol. —  A  number  of  tubes  of  Uschinsky's  solution  with  the  addition 
of  one  per  cent  of  Witte's  peptone  were  inoculated  with  a  five-days-old 
agar  culture.  Apricot,  nectarine,  peach,  and  plum  strains  were  used  in 
making  these  inoculations.  The  inoculated  tubes  all  showed  considerable 
growth  on  the  fifth  day,  but  a  test  for  indol  was  not  made  until  the  tenth 
day.  Sulfuric  acid  water  (1-2)  and  dilute  sodium  nitrate  (1-200  in  water) 
were  used.  On  the  tenth  day  all  cultures  gave  a  sUght  rose  color  after 
being  placed  in  boiling  water  for  two  minutes,  indicating  indol  production. 
The  other  tubes  were  tested  twenty  days  later  and  a  well-marked  indol 
reaction  was  obtained  from  all  the  cultures. 

Cultures  of  the  four  strains  made  in  Dunham's  peptone  solution  gave 
positive  results  at  the  end  of  twenty  days.  There  was  a  trace  of  pink 
before  heating,  and  after  four  or  five  minutes  in  a  water  bath  at  80**  C. 
the  reaction  became  distinct. 
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Toleration  of  sodium  hydroxide. —  Beef  bouillon  having  a  reaction  of 
+  10  Fuller's  scale  was  used.  Sufficient  sodium  hydroxide  was  added  to 
obtain  a  reaction  of  0,  — 2,  — 4,  and  so  on  for  every  two  degrees  of  Fuller's 
scale  to  -—30.  The  sodium  hydroxide  was  added  just  before  the  last 
sterilization.  Titrations  made  immediately  following  the  steriUzation, 
while  the  medium  was  still  warm,  showed  an  apparent  loss  of  alkalinity. 
In  many  cases,  although  not  always,  the  check  lots  of  the  medimn  titrated 
on  the  fifth  day  or  later  gave  the  original  reaction. 

Tubes  inoculated  and  placed  in  an  incubator  at  25°  C.  gave  a  good 
growth  in  all  cultures  down  to  — 10  in  forty-eight  hours.  There  was 
a  slight  growth  in  the  — 10  cultures,  and  at  the  end  of  two  weeks  a  very 
sUght  growth  occurred  in  the  — 13  cultures.  No  growth  occurred  in 
the  tubes  containing  larger  amounts  of  sodium.  The  best  growth  was 
in  cultures  containing  from  — 2  to  — 4  sodium  hydroxide. 

Toleration  of  hydrochloric  add. —  Ordinary  beef  bouillon  having  a  reaction 
of  +  12  Fuller's  scale  was  used.  Sufficient  hydrochloric  acid  was  added 
to  100  cubic  centimeters  of  the  bouillon  to  obtain  a  reaction  of  +  14,  +  16, 
and  so  on  for  every  two  degrees  of  Fuller's  scale  to  +  36.  There  was  a  very 
good  growth  in  forty-eight  hours  in  all  the  tubes  up  to  +  22,  and  a  slight 
growth  in  the  lot  having  a  reaction  of  +  24.  A  very  slight  growth  was 
observed  on  the  fourth  day  in  the  medium  having  a  reaction  of  +26; 
this  growth  became  sUghtly  stronger  by  the  tenth  day.  No  growth 
occurred  in  any  medium  containing  larger  quantities  of  acid.  The  best 
growth  developed  in  lots  containing  from  +  12  to  +  20  acid. 

Resistance  to  drying. —  Small  drops  of  four-days-old  bouillon  culture 
were  placed  on  sterile  cover  glasses  in  a  covered  sterile  petri  dish,  and  left 
in  an  incubator  at  room  temperature  of  from  18°  to  23°  C.  At  intervals 
of  twenty-four  hours  one  of  the  cover  glasses  was  transferred  to  a  tube  of 
sterile  bouillon.  Three  tubes  were  used  for  each  test.  Growth  occurred 
up  to  the  eighth  day,  after  which  the  tubes  remained  sterile. 

This  experiment  was  repeated  a  number  of  times  with  bouillon  cultures 
from  four  to  ten  days  old.  As  a  rule  there  was  no  growth  after  the  eighth 
day;  in  one  case,  however,  growth  occurred  on  the  fifteenth,  and  in  another 
case  on  the  twenty-first,  day. 

Effect  of  sunlight. —  Hiss-glucose  tubes  inoculated  from  a  three-days-old 
bouillon  culture  were  poured  into  petri  dishes  and  placed  in  the  bright 
sunlight  for  forty-five  and  sixty  minutes,  respectively,  half  of  each  plate 
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being  covered  with  black  paper.  After  six  days,  on  each  of  six  plates 
there  were  numerous  colonies  on  the  covered  parts  but  none  on  the 
exposed  parts.  A  few  colonies,  however,  developed  on  the  uncovered 
parts  of  all  the  plates  exposed  for  fifteen,  twent}".  and  thirty  minutes. 

Effect  of  germicides, —  Poured  Hiss-glucose  plates  were  made  with  the 
plum  organism  after  it  had  been  exposed  to  various  concentrations  of 
copper  sulfate,  mercuric  chloride,  formaldehyde,  lime-sulfur  solution, 
the  self-boiled  lime-sulfur  mixtures,  and  arsenate  of  lead. 

In  a  copper  sulfate  solution  (1-10,000),  colonies  appeared  in  five  days 
on  all  plates  on  which  cultures  were  made  of  the  organism  which  had  been 
exposed  for  one-half  minute  and  for  five  minutes.  However,  there  were 
only  one-fourth  as  many  colonies  on  the  five-minutes  exposures  as  on  the 
one-half-minute  exposures.  No  colonies  appeared  on  any  of  the  plates 
on  which  the  organism  had  been  exposed  for  fifteen  minutes  and  for  thirty 
minutes. 

In  a  mercuric  chloride  solution  (1-150,000),  colonies  appeared  in  five 
days  on  all  plates  on  which  cultures  were  made  of  the  organism  which 
had  been  exposed  for  one-half  minute  and  for  five  minutes.  The  colon- 
ies on  the  plates  exp)osed  for  five  minutes  remained  small  and  failed  to 
develop  the  yellow  color.  No  colonies  appeared  on  any  of  the  plates  on 
which  the  organism  had  been  exposed  for  fifteen  minutes  and  for  thirty 
minutes. 

In  a  formaldehyde  solution  (1-300),  colonies  appeared  in  five  days  on  all 
plates  on  which  cultures  were  made  of  the  organism  which  had  been  ex- 
posed for  one-half  minute  and  for  five  minutes.  However,  there  were  three 
times  as  many  colonies  in  the  one-half-minute  exposures  as  in  the  five- 
minutes  exposures.  No  colonies  appeared  on  any  of  the  plates  on  which 
the  organism  had  been  exposed  for  fifteen  minutes  and  for  thirty- minutes. 

In  a  lime-sulfur  solution  (15-15-50  formula)  in  a  1-10,000  dilution, 
colonies  appeared  in  five  days  on  all  plates  on  which  cultures  were  made 
of  the  organism  which  had  been  exposed  for  one-half  minute  and  for  five 
minutes.  However,  there  were  only  one-half  as  many  colonies  on  the 
five-minutes  exposures  as  on  the  one-half-minute  exposures.  No  colonies 
appeared  on  any  of  the  plates  on  which  the  organism  had  been  exposed 
for  fifteen  minutes  and  for  thirty  minutes. 

In  a  self-boiled  lime-sulfur  mixture  (8-8-50  formula)  in  a  1-62  dilution, 
colonies  appeared  in  five  days  on  all  plates  on  which  cultures  were  made 
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of  the  organism  which  had  been  exposed  for  one-half  minute  and  for  five 
minutes.  No  colonies  appeared  on  any  of  the  plates  on  which  the  or- 
ganism had  been  exposed  for  fifteen  minutes  and  for  thirty  minutes. 

In  arsenate  of  lead,  1-208  dilution,  colonies  appeared  on  all  plates  on 
which  the  organism  had  been  exposed  for  one-half,  five,  fifteen,  and  thirty 
minutes,  respectively. 

Diastatic  action, —  The  test  for  diastatic  action  was  made  on  potato 
cylinders.  Twenty-eight  strains  of  the  organism  were  grown  on  potato 
cylinders  for  twenty-five  days.  The  cultures  were  then  tested  for  starch 
reduction,  and  only  one  of  the  strains  showed  marked  diastatic  action. 
In  all  the  other  cases  the  only  indications  observed  were  a  slow  and  sUght 
tendency  toward  the  conversion  of  starch  into  amylodextrin,  shown  by  a 
gradual  change  in  the  iodine  reaction  from  a  clear  blue  to  a  purplish  tint. 

These  tests  were  made  according  to  the  directions  given  by  Harding 
and  Morse  (1909):  "These  potato  cultures  were  crushed  in  porcelain 
mortars  and  50  cubic  centimeters  of  water  added  to  separate  the  particles 
so  that  the  eflfect  of  the  iodine  could  be  easily  seen.  The  presence  of 
unchanged  starch  was  determined  by  the  gradual  addition  of  a  weak 
solution  of  iodine  in  potassium  iodide.  After  a  sufficient  amount  has  been 
added  to  satisfy  some  of  the  other  compounds  which  are  present  the  starch 
grains  are  turned  to  a  blue-black.  The  extent  of  the  reduction  of  the 
starch  by  the  bacterial  growth  is  estimated  on  the  basis  of  similar  tests 
of  uninoculated  potato  cylinders." 

The  uninoculated  cyUnders,  when  tested  with  the  iodine-potassium- 
iodide  solution  diluted  with  water,  always  yielded  a  bright  blue  reaction. 
The  starch  reaction  was  also  strong  after  the  oi^anism  had  been  grown 
on  the  cylinders  for  several  weeks,  although  a  purplish  color  indicated  a 
slight  diastatic  action. 

Fragments  of  potato  scraped  from  under  the  yellow  slime  from  a  culture 
forty  days  old,  mixed  with  about  twenty  times  their  bulk  of  water,  gave 
a  purple  or  a  blue-purple  reaction.  When  fragments  of  material  from  the 
back  or  the  center  of  the  cylinder  were  used  and  treated  in  the  same  way, 
they  invariably  gave  the  blue  reaction.  The  water  below  the  potato 
cylinder,  when  it  contained  more  or  less  of  the  yellow  slime  of  the  organ- 
ism, also  invariably  gave  a  purplish  blue  reaction. 

Pepsin, —  A  peptonizing  ferment  must  be  present,  since  gelatin  is 
liquefied  and  casein  is  slowly  dissolved  with  the  formation  of  tyrosine. 


Digitized  by  VjOOQ IC 


A  Bacterial  Disease  op  Stone  Fruits  407 

Lab  ferment. —  In  the  milk  cultures  the  casein  is  thrown  out  of  solution 
without  marked  acid  production,  which  indicates  the  presence  of  a  lab, 
or  rennet,  ferment. 

Invertase. —  Cultures  of  all  four  strains  of  the  organism  were  grown 
in  filtered  river  water  containing  two  per  cent  of  chemically  pure  sac- 
charose and  two  per  cent  of  Witte's  peptone.  On  the  twenty-fifth  day 
all  the  cultures  were  tested  for  inverted  sugar  with  Fehling's  solution,  and 
every  culture  gave  the  glucose  reaction. 

Thermal  death  point. —  Preliminary  tests  indicated  that  the  thermal 
death  point  must  he  between  49°  and  54°  C.  The  following  tests  were 
made  to  determine  the  point  more  nearly:  Six  sets  of  twelve  tubes  each 
of  peptonized  beef  broth  were  inoculated  with  the  peach  organism  from  a 
five-days-old-slant  Hiss-glucose  culture,  and  the  tubes  were  placed  in 
water  at  a  constant  temperature  of  49°,  50°,  51°,  52°,  53°,  and  54°  C, 
respectively.  The  tubes  were  removed  at  the  end  of  ten  minutes,  and 
were  kept  at  25°  C.  for  two  weeks.  At  the  end  of  five  days  growth  had 
taken  place  in  all  the  tubes  that  had  been  exposed  at  49°  and  50°  C. 
Growth  appeared  also  in  three  of  the  twelve  tubes  that  had  been  kept  at 
51°  C.  No  growth  appeared  at  the  end  of  fourteen  days  in  tubes  that  had 
been  kept  for  ten  minutes  at  52°,  53°,  and  54°  C. 

The  experiment  at  51°  and  52°  C.  was  repeated  several  times  with 
different  strains  of  the  organism,  and  in  a  few  instances  growth  occurred 
in  cultures  kept  at  51°  C.  for  ten  minutes.  There  was  never  any  growth 
in  cultures  kept  at  52°  C. 

The  thermal  death  point,  therefore,  is  about  51°  C.  Smith  (1903)  also 
placed  the  thermal  death  point  of  this  organism  at  about  51°  C. 

Optimum  temperature. —  The  optimmn  temperature  appears  to  lie 
between  24°  and  28°  C.  Growth  at  24°  and  at  28°  C.  on  Hiss-glucose 
and  peptonized  beef  bouillon  was  considerably  better  than  at  32°  C. 
Growth  at  20°  and  at  36°  C.  was  about  the  same,  but  was  considerably 
less  than  at  32°  C.  and  much  less  than  at  24°  or  28°  C. 

Maximum  temperature. —  Four-days-old  bouillon  cultures  of  ten  strains 
of  the  organism  were  used  to  inoculate  slant  Hiss-glucose  mediimi.  Six* 
tubes  were  used  for  each  strain;  three  tubes  of  each  lot  were  placed  in  an 
incubator  at  37°  C,  and  three  were  kept  at  room  temperature.  All 
cultures,  both  in  the  incubator  and  at  room  temperature,  made  good 
growth;  however,  those  exposed  to  the  higher  temperature  were  of  the 
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color  of  the  medium,  while  those  in  the  lower  temperature  had  developed 
the  normal  yellow  color.  On  the  fifteenth  day  the  heat  of  the  incubator 
was  reduced  to  25^  C;  on  the  sixteenth  day  one  of  the  cultures  had  taken 
on  a  yellow  color,  and  by  the  eighteenth  day  all  the  cultures  had  developed 
the  normal  color.  From  these  results  it  is  evident  that  37®  C.  is  close  to 
the  limit  of  growth  for  the  organism  on  Hiss-glucose. 

In  a  series  of  experiments,  slant  Hiss-glucose  and  bouillon  cultures 
were  kept  at  20®,  24®,  28®,  32®,  36®,  and  40®  C,  respectively,  for  three 
weeks.  Six-days-old  bouillon  cultures  of  four  strains  of  the  organism 
were  used  for  making  the  inoculations.  Two  three-millimeter  loops  of 
the  fluid  were  used  for  each  tube.  Three  tubes  of  bouillon  and  two  of  the 
slant  His&-glucose  medium  were  used  in  each  set.  Five  tubes  of  bouillon 
and  three  of  the  Hiss-glucose  medium  were  also  inoculated  and  were 
placed  at  room  temperature  (from  23®  to  25®  C),  to  serve  as  checks.  All 
strains  of  the  organism  on  both  kinds  of  media  made  decidedly  the  best 
growth  at  24®  and  at  28®  C.  They  also  made  better  growth  in  both 
media  at  20®  than  at  32®  C,  and  the  growth  at  32®  was  considerably  better 
than  at  36®  C.    There  was  no  growth  at  40®  C. 

The  growth  on  Hiss-glucose  cultures  kept  at  20®  and  at  24®  C.  developed 
the  normal  yellow  color;  tubes  kept  at  28®  C.  developed  a  growth  a  shade 
lighter  in  color;  those  kept  at  32®  C.  were  much  lighter,  and  had  a  mere 
trace  of  yellow;  in  those  kept  at  36®  C.  the  yellow  shade  had  disappeared 
entirely,  and  the  growth  was  of  the  color  of  the  medium. 

Los8  of  virulence, —  Park  (1905)  states  that  *'  bacteria  differ  ...  as  to 
the  ease  and  rapidity  with  which  they  grow  in  any  nutritive  substance 
and  the  amount  of  poison  they  produce.  Both  of  these  properties  not 
only  vary  greatly  in  different  members  of  the  same  species,  but  each 
variety  of  bacteria  may  to  a  large  extent  be  increased  or  diminished  in 
virulence." 

In  Jime,  1910,  four  cultures,  one  each  from  apricot,  nectarine,  peach, 
and  plmn  twigs,  were  obtained  at  Moimtain  Grove,  Missouri.  All  the 
cultures  were  grown  continuously  on  a  Hiss-glucose  medium.  It  was 
observed  that  the  plum  organism  obtained  at  this  time  was  the  most 
vigorously  growing  strain  in  the  laboratory.  In  the  inoculation  work  in 
Missouri  during  1910  it  was  also  the  most  aggressive  on  all  four  hosts. 
In  the  work  at  Cornell  University  during  1911  the  writer  was  much  sur- 
prised to  find  that  not  only  had  this  strain  lost  its  vigor  on  the  various 
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culture  media,  but  the  injury  was  also  far  less  marked  when  it  was 
inoculated  on  the  green  tissues  of  the  different  hosts.  In  the  fall  of  1911 
Abundance  plum  twigs  were  inoculated  with  cultures  of  this  strain,  and  in 
the  summer  of  1912  the  organism  was  regained  from  one  of  the  twigs. 
The  culture  was  again  grown  continuously  on  a  Hiss-glucose  medium. 
The  regained  culture  made  a  slightly  better  growth  on  the  various  media 
than  did  the  culture  which  had  been  growing  continuously  on  the  Hiss- 
glucose  medium,  and  was  also  slightly  more  aggressive  when  inoculated 
on  the  green  tissues;  but  it  was  far  less  virulent  than  when  first  obtained. 
In  the  simmier  of  1912  the  four  old  strains  which  had  been  growing  con- 
tinuously on  the  Hiss-glucose  medium  since  1910  were  rejuvenated  by 
growing  them  in  bouillon  for  fifteen  days,  making  transfers  to  a  new 
medium  every  third  day,  and  finally  on  the  fifteenth  day  all  were  again 
placed  on  the  Hiss-glucose  medium.  The  plum  organism  at  once  became 
again  the  most  vigorous  grower,  and  when  inoculated  on  peach  leaves  and 
twigs  it  was  also  the  most  aggressive.  From  these  results  it  appears  that 
vigor  is  the  controlling  factor  in  the  virulence  of  the  organism. 

Group  number, —  The  group  number,  according  to  the  descriptive 
chart  of  the  Society  of  American  Bacteriologists,  is  211.2232523. 

Life  history 

Inoculation, —  Bacterium  Pruni^  so  far  as  is  known,  passes  its  entire 
life  cycle  in  nature  within  the  tissue  of  the  host.  The  disease  usually 
makes  its  appearance  in  the  spring  shortly  after  the  leaves  have  unfolded, 
but  as  a  rule  serious  outbreaks  do  not  occur  before  May  and  often  not 
until  later.  Cankers  on  the  twigs  and  limbs  are  the  principal  sources  of 
infection  in  the  spring.  Trees  bearing  twigs  on  which  inoculations  result 
in  the  development  of  well-formed  cankers,  are  invariably  the  first  to 
develop  leaf  spot  abundantly  the  following  year.  Young  trees  which 
sxifFer  severely  from  repeated  outbreaks  of  the  shot-hole  condition  usually 
show  many  twig  cankers.  Twig  cankers  are  also  constantly  associated 
with  the  early  spring  outbreaks  on  older  trees.  The  tissues  of  the  bud 
may  Hkewise  become  invaded,  and  are  often  responsible  for  the  early 
spring  infection.  Eleven  out  of  fifty  cultures  made  from  the  centers  of 
buds  taken  in  August  from  peach  twigs  on  which  the  foliage  was  badly 
shot-holed,  yielded  many  colonies  of  the  yellow  organism. 
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The  bud  cut  from  bud  wood  obtained  from  an  infected  tree  often  con- 
veys the  organism  to  healthy  stock.  Laboratory  experiments  indicate 
that  when  exposed  to  sun  and  air  the  bacteria  which  lodge  on  twigs 
and  buds  retain  their  vitality  for  only  a  very  short  time. 

If  the  twigs  are  killed  after  the  cankers  are  well  formed,  the  organism 
may  remain  alive  in  the  dead  tissue  for  a  considerable  time.  Many  peach 
and  plum  twigs  cross-inoculated  by  the  writer  in  the  summer  of  1910 
died  in  the  following  winter,  but  cultures  of  the  organism  were  repeatedly 
obtained  from  the  dead  twigs  up  to  the  middle  of  the  next  June.  From  that 
time  on  it  was  impossible  to  secure  cultures  from  this  source.  Cultures  were 
readily  obtained,  however,  from  the  cankers  on  the  green  inoculated  twigs. 
Old  leaves  on  the  ground,  if  well  protected  from  sun  and  air,  may 
possibly  harbor  the  organism  for  some  time,  but  it  is  doubtful  whether 
they  ever  constitute  an  important  source  of  infection.  It  is  possible  that 
pruned  twigs  and  limbs  left  on  the  ground  may  occasionally  be  the  source 
of  primary  infection,  but  in  the  large  percentage  of  cases  the  primary  infec- 
tion can  be  traced  to  cankers  on  twigs 
and  limbs  of  the  trees.  The  writer's 
experiments  indicate  that  the  organism 
soon  loses  its  vitality  in  material  on 
the  ground. 

In  October,  1911,  fifteen  hundred 
peach  leaves,  one  thousand  plum  leaves, 
and  fifty  peach  twigs,  which  had  been 
cross-inoculated  with  cultures  of  the 
four  strains  of  the  organisms,  were  put 
between  wire  screens  and  left  over 
winter  on  the  ground,  where  they  were 
fully  exposed  to  the  sun.  In  April, 
1912,  all  attempts  to  regain  the  organ- 
ism from  these  twigs  and  leaves  failed. 
In  another  experiment,  however.  Hiss- 
glucose  poured-plate  cultures  made  on 
June  1,  1913,  from  diseased  leaves 
that  had  been  collected  on  October 
10,  1912,  and  kept  in  the  laboratory  between  blotters,  yielded  colonies 
of  the  organism. 


Fig.  68. — Cross  section  oj  a  peach  leaf 
which  was  inoculated  with  a  strain  of 
Bacterium  Pruni  from  the  fruit  of  the 
plum.  The  material  was  collected 
eight  days  after  the  inoculation  had 
been  made.  The  organism  entered 
the  leaf  through  the  stomata.  ( Drawing 
made  with  the  aid  of  a  camera  lucida) 
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The  organism  gains  entrance  to  the  host  through  the  stomata  (Figs.  68 
and  69)  and  the  young  lenticels  dming  periods  of  sufficient  moisture.  A 
fibn  of  water  on  the  sur- 
face of  the  leaf,  the  twig, 
or  the  fruit  enables  the 
bacteria  to  move  about 
and  gain  entrance  to 
the  substomatal  cavity. 
Inoculation  ordinarily 
does  not  take  place  in 
the  absence  of  moisture. 
Lenticels  and  stomata 
are  fairly  well  distrib- 
uted on  the  young  twigs, 
and  the  stomata  are 
more  or  less  plentiful 
on  the  green  fruit  and 
on  the  lower  surface  of 
the  leaves,  but  there 
are  none  on  the  upper 
leaf  surface.  Consequently  inoculation  may  occur  anywhere  on  the 
young,  tender  twigs  '  and  the  green  fruit,  while  on  the  leaves  the 
organism  can  gain  entrance  only  from  the  lower  side. 

In  1911,  at  Ithaca,  New  York,  332  Elberta  peach  leaves  of  different 
ages  were  inoculated  in  the  early  morning.  A  few  drops  of  water 
containing  numerous  bacteria  in  suspension  were  placed,  by  means 
of  a  pipette  dropper,  on  the  upper  or  the  lower  surface  of  each 
leaf.  In  all,  149  of  the  leaves  were  inoculated  on  the  upper,  and 
183  on  the  lower,  surface.  In  four  weeks  177  of  the  leaves  inocu- 
lated on  the  lower  surface  contained  many  spots;  6  were  clean. 
All  the  149  leaves  inoculated  on  the  upper  surface  were  free  from 
infection.  In  the  same  year  100  plum  leaves  were  inoculated  in 
the  same  way,  40  on  the  upper  and  60  on  the  lower  surface.  At  the 
end  of  five  weeks,  55  of  the  leaves  inoculated  on  the  lower  surface 
contained  many  brown  spots,  and  5  were  free  from  lesions.  All  the  leaves 
inoculated  on  the  upper  surface  were  free  from  spots.  All  the  check 
leaves  were  normal. 


Fig.  69. — Early  stage  of  fruit  spot  on  Burhank  plum 
fruit.  The  fruit  had  been  inoculated  toith  a  strain  of 
Bacterium  Pruni,  isolated  from  a  peach  tree.  The 
material  was  collected  seven  days  after  the  inoculation 
was  made.  It  was  fixed  in  strong  alcohol,  infiltrated 
with  paraffin,  and  cut  on  the  microtome.  The  sections 
were  stained  with  acid  fiichsin.  (Draiping  outlined 
with  the  aid  of  a  camera  lucida) 
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From  the  results  it  was  evident  that  a  moist  lower  surface  is  essential 
for  inoculation  and  spread  of  the  pathogen  on  the  leaves.  Observations 
show  that  dew  plays  quite  as  important  a  part  in  the  dissemination  of 
the  pathogen  as  does  rain.  Rain  and  dew  are  not  only  important  fac- 
tors for  inoculation;  but  they  also  carry  the  bacteria  to  the  healthy  leaves, 
twigs,  and  fruit,  and  thus  frequently  serve  as  agents  of  transportation. 

The  bacteria  are  no  doubt  carried  from  tree  to  tree  and  disseminated  on 
the  young  leaves,  fruit,  and  growing  twigs  by  insects  of  various  kinds. 
Waite  (1898),  Stewart  (1913),  and  others  have  proved  that  bees,  wasps, 
flies,  snails,  aphids,  and  beetles  carry  the  pear  blight  organism  from  oozing 
cankers  to  open  blossoms  and  young  shoots,  and  thus  spread  the  blossom 
and  twig  blight  of  apples  and  pears  throughout  the  orchard.  From  the 
large  numbers  of  various  insects  often  found  working  on  the  diseased 
foliage  and  fruit  of  trees  affected  with  Bacterium  Pruniy  and  from  the 
nature  of  the  bacterial  ooze,  there  appears  little  doubt  as  to  the  importance 
of  insects  in  the  dissemination  of  this  organism. 

In  spring,  when  the  weather  is  cold  and  unfavorable  for  the  develop- 
ment of  the  organism  and  the  insects  are  sluggish,  only  a  few  primary 
inoculations  occur  and  only  a  few  scattered  spots  develop  on  the  foliage. 
As  the  season  advances  and  the  weather  becomes  warmer,  the  bacteria 
multiply  and  escape  from  the  spots  of  the  early  infections,  the  secondary 
infections  gradually  become  abundant,  and  the  leaves  that  contained 
only  a  few  spots  at  first  soon  become  dotted  with  them.  Insects  also 
become  more  active,  and  secondary  spots  of  infection  multiply  rapidly. 

In  the  inoculation  experiments  on  plum  leaves  in  1913,  snails  and 
aphids  were  undoubtedly  the  chief  agents  in  conveying  the  organism  from 
the  inoculated  diseased  leaves  to  the  young  leaves  as  they  unfolded.  The 
new  leaves  of  the  trees  on  which  there  were  no  snails  nor  aphids  remained 
free  from  infection.  Poured  plate  cultures  were  made  from  each  of  eleven 
snails  and  eighteen  aphids  collected  from  these  trees.  Three  of  the 
snail  cultures  and  two  of  the  aphid  cultures  yielded  colonies  of  the  organism. 

The  great  frequency  with  which  infection  occurs  on  the  leaves  along  the 
path  taken  by  ants  leaves  little  doubt  that  these  insects  also  aid  more  or 
less  in  spreading  the  disease.  Nevertheless,  cultures  from  more  than  one 
hundred  ants  gave  negative  results. 

As  a  rule,  insects  merely  carry  the  virus  from  leaf  to  leaf  or  from  tree  to 
tree,  and  seldom  introduce  the  bacteria  directly  into  the  tissue  of  the  host. 
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Still  the  writer  has  frequently  obtained  cultures  of  the  organism  from 
both  feeding  and  egg  punctures  of  curculio  on  fruit,  and  in  a  number  of 
cases  it  has  been  practically  certain  that  the  insect  was  the  agent  of  in- 
oculation. 

Infected  leaves  are  often  blown  about  by  the  wind,  and  no  doubt  are 
sometimes  responsible  for  the  occurrence  of  primary  infection;  Yet 
danger  from  this  source  is  comparatively  slight,  since  the  leaves  soon  dry 
out  and  the  bacteria  quickly  lose  their  vitaUty.  The  disease  usually 
advances  in  the  orchard  in  all  directions  from  a  center  of  infection,  often 
forming  a"  more  or  less  circular  diseased  area.  After  the  organism  has 
become  estabUshed,  the  movement  of  limbs  and  branches  caused  by  high 
wind  during  storms  also  furnishes  a  means  of  conveyance  for  the  bacteria 
from  diseased  to  healthy  organs. 

Old  neglected  trees,  the  plum  in  particular,  often  serve  as  sources  of 
inoculum.  In  the  past  seven  years  two  outbreaks  of  the  disease  on  the 
Missouri  State  Fruit  Experiment  Station  grounds  were  traced  directly 
to  infected  Burbank,  Abundance,  and  Golden  pliun  trees. 

Where  the  organism  has  become  well  established,  diseased  trees  may  serve 
as  a  source  of  inoculum  and  young  trees  planted  in  adjoining  fields  grad- 
ually become  diseased.  In  1906  a  very  striking  case  of  this  sort  came  under 
observation.  A  tract  of  one  hundred  and  sixty  acres  of  land  on  the  east  side 
of  an  old  peach  orchard  at  Koshkonong,  Missouri,  which  contained  many 
infected  trees,  was  planted  in  the  spring  with  two-years-old  Elberta  peach 
trees.  In  October  the  foliage  and  twigs  of  the  trees  in  the  ten  rows  next 
to  the  old  trees  were  badly  diseased.  During  1907  the  organism  gradually 
advanced,  and  by  the  close  of  the  season  the  trees  in  one  hundred  and  ten 
rows  were  infected.  The  disease,  however,  was  much  worse  in  the  first 
thirty  rows  than  in  the  others.  During  1908  the  organism  spread  entirely 
across  the  orchard  and  every  tree  in  the  entire  tract  was  injured  to  a  greater 
or  less  extent.  The  trees  in  the  first  thirty  rows  next  to  the  old  orchard 
sxifFered  most  severely,  and  many  of  them  were  permanently  injured. 

Man  himself  is  often  an  important  agent  of  inoculation.  In  selecting 
material  for  budding,  nurserymen  frequently  cut  twigs  from  diseased 
trees,  and  thus,  by  inserting  the  infected  bud  material,  inoculate  the 
stock. 

In  1907,  on  the  Missouri  State  Fruit  Experiment  Station  grounds, 
several  thousand  healthy  peach  seedlings  were  budded  with  buds  taken 
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from  infected  Elberta  twigs.  During  1908  the  shot-hole  condition  de- 
veloped on  the  foliage  of  nearly  all  these  trees,  and  cankers  were  more  or 
less  plentiful  on  the  twigs  of  many  of  them.  Trees  of  this  sort,  when  set 
out,  not  only  grow  poorly,  but  also  serve  as  centers  from  which  all  neigh- 
boring trees  become  inoculated.  In  the  course  of  the  past  five  years 
several  cases  have  come  under  observation  in  which  a  few  infected  trees 
from  a  poorly  kept  nursery  were  mixed  in  large  shipments  of  clean  trees. 
The  infected  trees  served  after  planting  as  inoculum  centers,  and  three 
years  after  planting  every  tree  in  these  orchards  was  diseased. 

In  a  careful  inspection  of  peach  and  plum  trees  in  various  sections  of 
South  Carolina,  not  a  single  case  of  the  disease  was  observed  on  isolated 
seedling  peach  and  plum  trees;  yet  the  organism  was  repeatedly  collected 
on  the  budded  peach  and  Japanese,  varieties  of  plum  in  both  family  and 
commercial  orchards,  indicating  that  the  nurseries  are  largely  responsible 
for  the  spread  of  the  pathogen.  ' 

Incubation, — The  period  of  incubation  varies  more  or  less,  depending 
on  temperature,  moisture,  and  method  of  inoculation.  The  period  is 
about  the  same  on  all  four  kinds  of  trees.  In  some  cases,  however,  it 
appears  to  be  slightly  longer  on  leaves  and  twigs  of  apricot  and  plum  than 
on  those  of  the  nectarine  and  the  peach. 

In  experiments  in  which  the  organism  was  suspended  in  water  and  ap- 
plied to  the  leaves  and  fruit  with  an  atomizer  in  warm,  moist  weather,  the 
period  apparently  varied  from  seven  to  fifteen  days,  but  in  cold  weather 
the  period  was  prolonged  to  twenty  and  even  twenty-five  days.  When 
water  containmg  the  organism  was  applied  in  warm  weather  to  the  lower 
surface  of  the  leaf  and  to  the  fruit  by  means  of  a  pipette  dropper,  and  was 
spread  by  gently  rubbing  leaf  or  fruit  between  the  thumb  and  the  fingers, 
signs  of  disease  appeared  on  the  leaves  in  from  five  to  seven  days  and  on 
the  fruit  aft«r  seven  or  eight  days;  in  cold  weather,  however,  the  period 
was  considerably  extended  on  both  leaves  and  fruit.  On  the  twigs,  con- 
siderable difficulty  having  been  experienced  in  obtaining  results  with  the 
spray  and  rubbing  method,  a  hypodermic  syringe  was  used.  The  needle 
was  inserted  just  beneath  the  cuticle  and  a  smaU  quantity  of  water  con- 
taining the  bacteria  was  forced  into  the  tissue.  Very  uniform  results 
were  obtained  in  this  way.  The  period  of  incubation  following  these 
inoculations  varied  from  four  to  ten  days,  depending  largely  on  the  tem- 
perature and  on  the  number  of  organisms  forced  into  the  tissue.     In  the 
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twig  experiments  moisture  did  not  influence  the  period  of  incubation  to 
so  marked  an  extent  as  in  the  experiments  with  leaves  and  fruit. 

Infection. — Infection  occurs  soon  after  the  bacteria  pass  through  the 
stomata  into  the  substomatal  chambers,  where  they  multiply  and  secrete 
a  cytolytic  enzyme  which  soon  breaks  down  the  cell  walls  of  the  neighboring 
cells,  giving  the  organism  access  to  an  abundant  food  supply. 

Serial  sections  made  from  infected  plum  fruit  show  that  the  organism 
at  first  occupies  merely  the  substomatal  chamber,  but  the  neighboring 
cells  are  soon  broken  down,  and  as  the  bacteria  multiply,  the  deeper  tis- 
sues become  involved.  In  about  six  or  seven  days  a  small  cavity  filled 
with  bacteria  is  formed,  and  the  first  evidence  of  disease  appears  in  the 
form  of  a  water-soaked  spot  just  beneath  the  stomata.  A  cross  section 
through  one  of  these  spots  shows  the  cavity  filled  with  a  compact  mass 
of  bacteria  (Fig.  69,  page  411).  In  about  ten  days  or  more,  depending 
much  on  the  weather  conditions,  the  bacteria  escape  to  the  surface  through 
the  stomata  or  a  slight  central  rupture.  In  some  cases  the  bacteria  bur- 
row deeper  and  spread  laterally,  forming  a  somewhat  circular,  sunken, 
black  area.  The  bacteria  reach  the  surface  through  the  various  stoma  and 
central  rifts. 

The  tissues  of  tlie  leaf  are  invaded  in  much  the  same  way  as  are  those 
of  the  fruit.  At  first  the  parenchyma  tissues  are  those  principally  in- 
volved, but  finally  the  vascular  bundles  also  may  be  attacked  (Fig.  68, 
page  410).  The  external  signs  of  injury  sometimes  appear  a  day  or  two 
earlier  on  the  leaves  than  on  the  fruit,  and  the  ooze  may  also  be  evident 
a  little  earlier.  The  area  in  which  the  cells  have  been  broken  down  as- 
sumes a  more  or  less  circular  form  and  soon  becomes  separated  by  a  line 
of  cleavage  from  the  healthy  tissue.  The  injured  tissue  within  this  area 
soon  contracts,  dries  out,  and  falls  away,  leaving  a  fairly  clean-cut  hole  in 
the  green  tissue. 

The 'tender  tissues  of  the  young  shoots  are  also  injured  in  much  the  same 
way,  but  the  incubation  period  in  the  older  tissues  of  the  twigs  is  apparently 
longer  and  the  development  of  the  water-soaked  spots  is  often  slower. 
A  cross  section  through  one  of  these  spots  also  shows  a  cavity  filled  with 
a  compact  mass  of  bacteria.  The  black-spot  condition  on  the  twig  appears 
in  from  twenty  to  thirty-five  days.  Many  of  the  phloem  veils  of  the 
sunken  black  area  are  broken  down  and  the  entire  tissue  is  more  or  less 
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disorganized  (Fig.  70).     Radial  rifts  or  pockets  in  the  young  wood  and 
cortex  extend  outward,  often  to  the  epidermis.    As  the  twigs  increase  in 


Fig.  70.  —  Cross  section  of  a  young  peach  twig  inoculated  with  a  pure  culture 
of  Bacterium  Pruni  obtained  from  a  plum  twig.  Bacterial  pockets  are  most 
abundant  in  the  cortical  parenchyma.  All  cortical  parenchyma  cells  in 
the  infected  region  are  distorted.  The  bacterial  pockets  in  the  cambium 
region  also  are  to  be  noted.  Occasionally  the  large  ducts  in  the  young 
wood  are  filled  with  the  organism 

size  these  rifts  open  and  form  an  approximately  longitudinal  fissure.     The 
bacteria  escape  through  these  fissures  in  countless  numbers  as  bacterial  ooze. 
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New  infections  occur  only  on  the  current  season's  growth.  The  or- 
ganism is  most  aggressive  in  the  young,  tender  tissues  of  the  twigs.  As 
the  tissues  harden,  the  influence  of  the  organism  in  many  cases  becomes 
less  marked  and  the  blackened  areas  gradually  become  lighter  in  color; 
by  the  close  of  the  season  these  areas  have  in  many  cases  asaumed  much 
the  same  color  as  the  old  bark.  During  the  second  year  a  large  propor- 
tion of  the  twig  cankers  thus  disappear.  A  cross  section  of  a  twig  through 
such  cankers  shows  that  no  new  bacterial  pockets  have  appeared  near  the 
cambium  zone  and  the  old  cavities  have  gradually  been  crowded  into  the 
outer  bark.  The  organism,  however,  in  some  cases  at  least,  is  still  alive 
and  active,  and  no  doubt  often  serves  as  a  source  of  inoculum. 

EFFECT  OF  ENVIRONMENTAL  FACTORS 

The  condition  of  the  weather  is  the  most  important  environmental 
factor  with  respect  to  this  disease.  This  is  particularly  true  as  regards 
moisture,  but  temperature  is  also  of  marked  consequence.  The  shot- 
hole  condition  does  not  usually  appear  until  about  the  middle  of  May  or 
the  first  of  June.  In  a  very  warm,  damp  spring,  however,  it  may  appear 
as  early  as  the  first  of  April,  while  in  other  years  severe  outbreaks  may  not 
appear  until  in  August  or  even  later.  A  temperature  of  from  20^  to  28^ 
C.  is  the  best  for  the  growth  of  the  bacterium.  Cold  weather  not  only 
retards  its  growth,  but  also  checks  the  activities  of  insects,  which  are 
the  important  agents  in  disseminating  the  organism.  In  the  writer's 
spring  and  fall  field  work,  it  was  frequently  observed  that  when  a  cold 
period  followed  immediately  after  a  series  of  inoculations  had  been  made, 
the  growth  of  the  organism  was  retarded,  and  in  some  cases  three,  and  even 
four,  weeks  passed  before  signs  of  disease  appeared.  The  warm,  slow, 
continued  rains  of  the  summer  furnish  the  best  conditions  for  the  rapid 
spread  of  the  disease.  Heavy,  driving  rains  of  short  duration  followed  by 
sunshine  and  winds  are  not  favorable  to  its  spread,  since  many  of  the  bac^ 
teria  are  washed  to  the  ground,  and  the  leaves  are  quickly  dried  off  and 
the  few  bacteria  that  may  be  spread  will  be  quickly  dried  and  killed. 

The  foliage  of  eight  three-years-old  peach  trees,  which  were  growing 
in  boxes  in  the  open,  was  inoculated  with  pure  cultures  of  the  organism. 
In  three  months  the  foliage  on  all  the  trees  was  dotted  with  brown  spots. 
Four  of  the  trees  were  then  moved  into  the  greenhouse  and  water  was 
applied  only  to  the  roots.  No  new  spots  appeared  on  the  old  leaves 
27 
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after  the  second  week,  and  all  the  new  leaves  that  developed  in  the  green- 
house remained  free  from  infection,  while  the  leaves  of  the  four  trees  in 
the  open  continued  to  develop  many  new  spots. 

The  relation  of  moisture  to  the  spread  of  the  disease  is  also  brought  out 
to  a  marked  extent  in  the  field  when  a  favorable  wet  period  is  followed  by 
a  dry  period.  All  the  leaves  formed  in  wet  weather  contain  many  brown 
spots  and  usually  develop  the  shot-hole  condition  more  or  less,  while  those 
formed  in  a  dry  period  remain  free  from  spots,  the  contrasts  in  the  foliage 
of  the  two  periods  being  sometimes  very  striking. 

Heavy  dews,  if  the  temperatiu^e  does  not  fall  too  low,  also  furnish  favor- 
able conditions  for  inoculations,  and  observations  indicate  that  they  often 
play  quite  as  important  a  part  in  the  progress  of  the  disease  as  does  rain. 

Shaded  situations  are  favorable  for  the  growth  of  the  organism.  Direct 
simlight  soon  kills  it.  However,  since  the  stomata  of  the  leaves  occur 
only  on  the  lower  surface,  and  the  twigs  and  the  fruit  are  usually  fairly 
well  shaded  by  the  leaves,  only  comparatively  few  of  the  organisms  ever 
become  exposed  to  the  direct  rays  of  the  sim. 

In  dry  seasons  injury  from  this  organism  is  very  slight,  especially  if  the 
spring  has  been  cold.  Infections  in  such  seasons  are  found  only  in  the 
center  of  the  tree,  where  the  foliage  remains  moist  from  the  dew  until 
late  in  the  day. 

While  it  is  true  that  temperatiu^e  and  moisture  are  the  factors  that  gov- 
ern the  distribution  of  the  organism,  yet  soil  conditions,  fertilizers,  and 
cultivation  have  a  marked  influence  on  the  extent  of  injury  done.  The 
soil  in  which  the  trees  are  growing  has  a  considerable  influence  on  the 
development  of  the  disease.  When  a  general  outbreak  occurs  in  an  orchard, 
the  trees  on  the  higher,  thin  ridges  invariably  sufiFer  more  than  those  on 
the  lower,  more  fertile  land.  Trees  that  have  borne  the  heaviest  crops  in 
previous  years  invariably  suffer  more  than  do  those  that  have  jrielded 
little  or  no  fruit  in  previous  seasons.  Yoimg  trees  planted  in  new  land 
properly  broken  up  before  planting  are  more  nearly  free  from  the  disease 
than  trees  planted  on  land  poorly  prepared.  Trees  properly  pruned  and 
well  cultivated  show  less  disease  than  do  those  that  are  not  pruned  nor 
cultivated. 

VARIETAL  SUSCEPTIBILITY 

Observations  show  that  the  different  varieties  of  the  various  hosts 
exhibit  considerable  variation  in  their  susceptibility  to  the  disease.    The 


Digitized  by  VjOOQ IC 


A  Bacterial  Disease  of  Stone  Fruits  419 

plums  show  the  greatest  variation.  The  majority  of  the  American  va- 
rieties suffer  little,  if  at  all,  while  nearly  all  the  Japanese  varieties,  es- 
pecially Abundance  and  Burbank,  are  severely  injured,  in  some  cases  the 
disease  resulting  in  the  formation  of  deep  limb  and  trunk  cankers  and  in 
eventual  death  of  the  tree.  Similar  wounds  are  occasionally  formed  also 
on  some  varieties  of  apricot,  nectarine,  and  peach,  but  they  are  far  more 
abundant  on  Japanese  varieties  of  plum. 

The  fruits  of  difiFerent  varieties  of  the  four  kinds  of  hosts  also  show 
considerable  variation  in  susceptibility.  The  nectarines  suffer  the  greatest 
injury,  the  fruits  of  all  the  varieties  of  this  host  in  Missouri  being  so  badly 
cracked  that  they  are  usually  destroyed  by  the  various  rot-producing 
organisms  while  still  green.  The  effects  of  the  disease  on  the  fruits  of 
Japanese  plums,  especially  Abundance  and  Burbank,  are  nearly  as  severe 
as  on  the  nectarines.  The  greater  proportion  of  the  fruits  are  badly 
distorted  and  cracked  and  the  small  number  that  are  not  rotted  before 
they  ripen  are  so  badly  injured  that  they  are  worthless  for  market.  As 
a  rule,  apricot  fruits  are  injured  to  a  less  extent  than  those  of  the  nec- 
tarine or  plum,  but  the  variety  Royal  is  severely  affected.  Though  the 
fruits  of  some  varieties  of  peaches,  particularly  Elberta,  are  severely 
injured,  they  are  as  a  rule  less  badly  disfigured  than  are  the  fruits  of  the 
nectarine  or  the  Japanese  varieties  of  plum  (Fig.  63c). 

In  addition  to  this  variation  in  susceptibility  of  the  different  varieties, 
there  is  also  considerable  variation  in  the  amount  of  injury  to  the  fruits 
of  a  given  variety  during  different  seasons.  The  real  significance  of  these 
latter  variations  is  not  always  easy  to  explain,  but  in  most  cases  the  age 
of  the  fruit  and  the  weather  conditions  determine  largely  the  percentage 
of  infection. 

In  table  1  is  given  a  list  of  the  apricot,  nectarine,  peach,  and  plimi  trees 
in  the  variety  orchard  of  the  Missouri  State  Fruit  Experiment  Station, 
showing  the  nature  and  degree  of  susceptibility  of  the  different  varieties. 
These  figures  represent  the  average  record  for  the  year  1909.  An  estimate 
of  the  percentage  of  infection  on  leaves,  twigs,  and  fruit  was  made  by 
passing  through  the  orchard,  estimating  and  recording  the  injury.  After 
the  estimates  had  been  made  several  trees  in  different  parts  of  the  orchard 
were  carefully  examined  and  the  actual  percentage  of  infection  was  ob- 
tained by  counting  the  diseased  leaves,  twigs,  and  fruits.  The  difference 
foimd  between  the  actual  and  the  estimated  percentages  of  infection 
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formed  the  basis  for  correction  of  all  the  varietal  estimates.  Three 
estimates  were  'made  in  the  course  of  the  sunmier,  the  first  in  the  middle 
of  July,  the  second  August  5  to  7,  and  the  third  September  26  to  29.  The 
average  result  of  the  three  records  is  given  here  as  the  record  for  the  year. 


TABLE  1.    Relative  SuscEPnBiLrrr  of  Different  Varieties  of  Apricot,  NiCTARiNEy 

Peach,  and  Plum  to  Bacterium  Pruni* 

Apricot 

Russian,  30-10-?-a 
Superb,  20-15-<V-p 
Sweet  Russian,  4(>-20-30-p 


Bread,  40-30-30-f 
Moorpark,  40-20-0-i 
Peach,  76-30-0-a 


Nectarine 


Coosa,  45-15-100-a 
Munson's  Cling,  50-8-85-a 
New  White,  5&-8-10(>-p 


Stanwick,  65-15-100-a 
Victoria,  60-10-100-a 


Peach 


Alexander,  25-15-5-p  . 

Alice  Hampton,  20-15-35-p 

Alton,  40-20-8(>-a 

Axnsden  June,  8-5-25-f 

Arkansas  Beauty,  35-15-50-a 

Arkansas  Mammoth,  50-10-50-f 

Arkansas  Traveler,  40-10-0-a 

Amett,  66-10-?-p 

Amett  No.  6,  6&-5-?-a 

Athens,  40-3-30-a 

Banner,  15-8-35-n 

Barber,  »-5-0-f 

Barnard  Early,  35-10-60-a 

Barnes,  6-3-a-f 

Beauty,  30-10-.50-a 

Belle  (BeUe  of  Georgia),  15-3-25-a 

Beirs  October,  20-10-25-n 

Bequette  Cling,  23-3-45-p 

Bequette  Free,  40-10-70-a 

Bemice,  35-10-25-f 

Bflyeu,  60-10-100-a 

Bishop,  18-18-0-f 

Blanchard,  .56-10-45-a 

Blood  Cling,  45-10-0-p 

Blood  Free,  50-10-30-p 

Blood  Leaf,  55-5-45-a 


Bokhara,  O-KMO-n 

Bonanza,  45-15-60-p 

Brandywine,  6-13-40-f 

Bray's  Rareripe,  25-15-30-f 

Brett  (Mrs.  Brett),  2a-30^30-a 

Brigdon,  40-10-20-a 

Briggs  (Briggs'  May),  18-18-40-f 

Bronson,' 30-15-26-a 

Burke,  20-10-35-p 

Carman,  6(>-(>-30-p 

Carpenter  (Carpenter  CKng),  35-5-60-a 

Chairs  (Chairs'  Choice),  30-20-35-a 

Champion,  60-0-3(>-p 

Champbn  Yellow,  16-5-30-f 

Charlotte  (Early  Charlotte),  35-10-?-p 

Cherokee,  25-20-45-a 

Chili  (Hills'  Chili),  20-10-30-p 

ChUow,  25-40-25-p 

Chinese  Cling,  45-15-3Q-a 

Chinese  Free,  45-5-55-a 

Christiana,  30-5-25-a 

Cloves,  43-3-5(>-p 

Cobler,  25-15-20-p 

Coleman,  20-10-3(>-p 

Colhidge  Favorite,  3(>-l(>-30-a 

Columbia,  35-15-40-a 


*The  first  number  following  the  name  of  the  variety  indicates  the  percentiMKe  of  infected  leaves;  the 
second,  the  pcrcentafi^  of  defoliation;  the  third,  the  percentage  of  infected  fruit  ("  ?  "  in  the  third  plaoe 
indicates  that  the  tree  bore  no  fruit) .  The  letter  in  the  fourth  place  indicates  the  number  of  twig  cankers 
observed:  a.  abundant;  p,  plentiful;  f,  few:  n,  none.  The  letter  in  the  fifth  place  (in  the  plum  varieties) 
indicates  the  amount  of  mjury  due  to  trunk  and  limb  cankers:  e,  extreme  injury  causing  the  deach  of  the 
trees;  m,  marked  injury;  s,  slight  injury;  n,  no  injury. 
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Peach 

Conkling,  13-8-O-f 

Connecticut,  43-a-60-p 

Connet  (Connet's  Early),  15-10-60-f 

Cora,  80-«-10-a 

Crosby,  13-3-0-f 

Crothere,  6(M)-100-a 

Davenahire,  40-2(M)-a 

Davidson,  35-2(>-6()-p 

Dawson's  Early,  25-2-0-f 

Ddaware,  46-5-60-f 

Doming  (Deming's  September),  60-10-40-a 

Denton,  55-15-45-a 

Dewey  (Admiral  Dewey),  20-l(M>-p 

Diamond,  50-2(>-30-a 

Dover,  45-5-70-a 

Early  Barnard,  10-2(M)-n 

Early  Crawford,  l(>n&-25-f 

Early  Heath,  35-6-26-p 

Early  Michigan,  d0-5-80-a 

Early  Rivers,  3a-16-40-f 

Early  York,  40-10-60-a 

Ede  (Captain  Ede),  15-10-25-p 

Edgemont  Beauty,  ll-6~25-p 

Elberta,  8(><30-45-a 

Elberta  Qing,  60-10-53-a 

Eldred,  65-15-35-a 

Emma,  50-15-60-a 

Engle  (Engle's  Mammoth),  15-10-(H 

Etna.  2(>-10-25-p 

Eureka,  4&-10-66-a 

Family  Favorite,  8()-10-70-p 

Fischer,  65-5-10(>-p 

FiUgerald,  35-10-35-a 

Flatters -St.  John,  65-5-80-a 

Flemer's  Cling,  65-5-Q8-a 

Flewellen,  35-5-33-a 

Floyd,  50-l(M(>-a 

Ford's  No.  1,  5(M)-70-p 

Ford's  White,  40-10-25-^ 

Foster,  30-20-30-p 

Fox  (Fox  Seedling),  18-8-36-a 

Frances,  30-l(>-50-a 

Froth's  Early,  65-16-55-a 

Future  Great,  20-10-25-p 

Garfield,  13^8-^3&-p 

Geary's  Hold-on,  2&-8-25-p 

General  Tavlor,  6-&-95-p 

Gflman's  Favorite,  50-10-46-a 

Globe,  15-l(>-50-p 

Gold  Drop,  21-10-6a-p 

Gold  Dust,  3(>-75-30-p 

Golden  Gate,  50-2(>-?-a 

C>old  Medal.  AO-KhdO-t^ 

Gold  Mine,  30-10-^6^ 


(continued) 

Gordon,  20-15-30-f 

Grand  Reporter,  66-15-n5(>-a 

Hale  Early,  38~8^K>-p 

Heand's  Beauty,  60-10-45-a 

Heath  (Heath  Cling),  60-2a-6(>-a 

Heath  Free,  60-2(>-26-a 

Henrietta,  ^5-4(H 

Hiley,  26-1-40-p 

Hfll's  Madeira,  25-5-«>-p 

Hobb's  Late,  15-l(>-22-f 

Hobson,  30-25-?-a 

Holderbaum,  20-5-25-! 

Honi  Chirf,  35-10-3a-p 

Hoover's  Heath,  2(>-10-10-n 

Horton's  River,  45-15-70-p 

Hughes  I.  X.  L.,  3(>-10-0-p 

Hyde's  Yellow,  20-5-2M 

Hynes  (Hynes'  Surprise),  20-10-30-f 

Indian  Blood  Cling,  10-10-O-n 

Indian  Blood  Free,  5(>-10-«)-a 

Ingold  (Ladv  Ingold),  3a-20-90-a 

Japan  Blood,  55-5-0-a 

Jaques  (Jacques'  Rareripe),  15-15-26-^ 

Jennie  Worthem,  35-10-30-a 

Juno,  45-5-30-a 

Kalamasoo,  10-8-0-f 

Kerr  (Jessie  Kerr),  25-10-()-f 

Krummel's  October,  2(>-l(M6-p 

Late  Crawford,  40-10-40-a 

Late  Elberta,  60-15-35-a 

Laure  Cling,  35-5-30-a 

Lemon  Cling,  12-l(M>-f 

Lewis,  0-l(>-50-n 

Lodge,  40-10-60-a 

Lola  (Miss  Lola),  25-10-40-f 

Lorentz,  33-^8-0-p 

Louise  (Early  Louise),  35-15-0-a 

Lovell  No.  3,  5(M)-?-a 

McCallister,  20-15-?rf 

McIntosh,13-8-0-p 

Madison  County  Manunoth,  40-10-70-a 

Magnum  Bonum,  35-30-25-a 

Mamie  Roes,  20-l(M0~a 

Mammoth  Cling,  75-15-50-a 

MarshaU,  30-10-30-p 

Mathews  (Mathews'  Beauty),  50-20-50-a 

Mena,  40-l(>-?-a 

Michigan,  l(>-5-0-n 

Mid  September,  23-8-25-p 

Mint's  Free,  30-20-8(>-p 

Mixon  Late,  75-5-30-a 

Moore's  Favorite,  20-15-50-a 

Morris  Late  White,  50-10-30-p 

Mountain  Roee,  25-l&-70-p 
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Muir,  25-15-3(>-a 

Munson's  Cling,  65-15-100-a 

Munson'e  Free,  60-10-70-a 

Nanticoke,  23-8-30-! 

Nelflon'8  No.  5,  4a-l(M6-a 

New  Prolific,  10-16-25-f 

Niagara,  45-5-40-p 

Nicholson's  Smock,  40-l(MO-p 

October  Free,  50-10-33-a 

Olden  No.  1,  40-10-26-p 

Olden  No.  3,  50-10-100-a 

Oldmixon  Cling,  55-15-30-a 

Oldmixon  Free,  50-20-36-a 

Oldmixon  Improved,  30-15-45-p 

Orange  Cling,  40-20-35-p 

Orioh,  30-3^55-p 

Oritz,  28-18-40-a 

Oscar,  63-8-70-a 

Ozark  Queen,  20-20-40-p 

PaUas,  4a-3-70-a 

Pearce's  Yellow,  30-l(M>-p 

Peento,  5-5-?-n 

Pendleton,  40-l(>-25-a 

Perry's  Red  Cling,  35-15-?-p 

Plaut,  5(>-10-35-a 

Pond's  Seedling,  70-l(M0-a 

Pool's  Favorite,  ^3-(>-f 

Queen,  4a-20-50-p 

Rasin  Cling,  35-25-60-p 

Ray,  20-6-30-p 

Red  Heath,  35-5-25-a 

Red  River,  60-15-30-a 

Reeves  Yellow,  2(>-15-0-f 

Reynolds,  18-8-25-f 

Ringgold,  40-10-40-p 

Rivers,  58-8-25-a 

Robert,  50-20-30-a 

Rodgers,  20-5-45-p 

Rose  of  Baltunore,  48-«-30-a 

Rush's  Favorite,  3a-10-65-a 

RusseU,  23-20-2a-n 

St.  John,  5(>-2a-80-a 

Salway,  15-15-35-f 

Schofield,  eO-CMO-a 

Scott's  Nonpareil,  65-15-40-a 

Sea  Eagle,  3(>-10-30-f 


Peach  (conduded) 

Sea  Eagle  Improved,  26-10-30-f 

Shipler,  42-15-6a-a 

Shoemaker,  2(>-2-0-n 

Smock  (Smock's  Free),  60-20-50-a 

Sneed,  7(>-25^0-a 

Snow,  36-10-25-a 

Snow  Free,  3Q-5-45-P 

Snow's  Orange,  23-10-0-n 

Springfield,  5(>-10-40-p 

Steadley,  3(>-10-35-p 

Stevens.  60-10-35-a 

Stevens  Late,  20-20-40-f 

Stinson,  65-15-65-a 

Strout'e  Early,  16-10-?-f 

Stump,  15-l(M0-p 

Success,  3(>-10-20-p 

Summer  Snow  Cling,  40-10-55-a 

Superb,  4(>-2(M0-p 

Sussex's  Late,  35-5-46-p 

Sylphide,  33-13-23-p 

Texas  (Texas  King),  l(>-5-65-f 

Thurber,  15-3-30-f 

Tillotson  (Early  Tillotson),  10-12-()-n 

Toledo  (Early  Toledo),  35-5-0-p 

Topaz,  16-15-50-a 

Tornado,  3(>-l(>-60-p 

TrebQut,  50-20-70-a 

Van  Buren,  30-3-?-p 

Waddell,  60-10-45-a 

Wager,  30-15-25-n 

Walker  (Walker's  Variegated  Free), 20-15- 

30-p 
Ward's  Late,  66-15-40-a 
Washington  Oing,  60-10-50-a 
Waterloo,  2(MM0-p 
Webb's  Golden,  5(>-5-70-f 
Wheatland,  4O-10-?-a 
Wheeler's  Late.  75-5-25-a 
Wilkins'  Cling,  38-8-45-a 
WiUett,  5(>-15-3(>-a 
Williams'  Favorite,  40-10-23-p 
Wilson's  No.  14,  45-5-?-p 
Wonderful,  35-15-0-n 
Worth,  55-15-4(>-a 
Wright,  5-3-3(>-n 
Yellow  Rareripe,  25-15-<H 


Plum 


Abundance,  100-60-100-a-^ 

America,  4(>-20-20-p-fl 

American  Eagle,  56-15-10-a-e 

Apple,  90-40-?-a-m 

Arkansas  (Arkansas  Lombard),  O-O-O-n-n 


Assiniboia,  55-20-?-p-n 
Best  of  All,  45-15-0-a-n 
Broadshow,  0-0-?-n-n 
Burbank,  100-60-100-a-e 
Case  Gold  Drop,  O-O-T-n-n 
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Plum  (concluded) 


Chabot,  85-15-100-a-m 

Cliflford,  O-O-lO-n-n 

Cumberland,  2(>-0-0-a-m 

Downing  (Charles  Downing),  66-2(H)-n-m 

Diamond,  0-O-?-n-n 

DouglasB,  8a-20-0-a-m 

Damson  (Blue  Damson),  (H>-?-n-n 

Elapa,  55-2a-0-nr-n 

Punk,  0-0-?-n-m 

Gonsales,  96-30-?-a-m 

Grand  Duke,  (M)-?-n-n 

Guthrie  Topas  (Topa»),  63-25-?-n-n 

Hale,  9(>-35-?-a-m 

Hattankio  (Hytankio),  5a-15-10-a-m 

Hawk^e,  60-16-O-p-n 

Hungarian  Prune,  (H)-?-p-n 

Italian  Prune,  0-0-0-n-n 

Jefferson,  O-Q-T-n-n 

Jones  Specdal,  7i>-25-30-n-n 

Kerr,  60-25-?-a-m 

Krap,  55-33-a-p-n 

Kroh  (Poole's  Pride),  4(>-20-10-f-m 

Lacy,  l(X)-46-?-n-n 

Lombard,  O-Q-T-n-n 

Maryland,  0-(H>-n-n 

Milton,  0-0-0-n-n 

Monarch,  50-2(>-?-p-n 

Newman,  40-2(>-10-f-n 

October  (October  Purple),  85-4()-?-a-m 

Ogon,  95-30-30-a-o 

Orleans  (Smith's  Orleans),  (M)-?-n-n 


Owankat  66-15-?-n-n 

Peter's  Gage,  0-0-?-n-n 

Pond  (Hungarian  Prune),  0-O-?-p-n 

Pride  (Shipper's  Pride),  30-12-?-f-n 

Purple  Leaf,  90-35-?-a-m 

Quaker,  46-15-50-p-m 

Reagan,  55-25-0-n-n 

Red  Goose,  40-20-?-n-m 

Red  June,  95-25-100-a-e 

Red  Nagate,  10(>-50-?-a-m 

Red  October,  55-10-O-a-m 

Reme  Claude,  40-8-?-p-n 

Robinson,  40-15-10(>-n-m 

St.  Martin  (Coe's  Late  Red),  (H>-?-n-n 

Shropshire  (Shropshire  Damson),  0-0-?-n-n 

Sophie,  40-l(>-10-f-n 

SteUa,  95-55-?-p-n 

Tokeya,  40-10-?-n-n 

Wakapa,  65-16-? -n-n 

Ward  October,  40-10-2(>-p-m 

Ward  October  Red,  45-15-O-a-m 

Wastesa,  76-35-?-p-n 

Whitaker,  O-O-O-n-m 

Whiting,  (M)-?-n-m 

Wildgooee,  4(>-l(H)-n-m 

Willard,  100-40-?-p-« 

Winnipeg,  56-25-?-f-s 

Wohanka,  60-26-?-n-n 

Yellow  Egg,  0-0-?-n-n 

Yosemite,  90-3(>-10-a-« 

Zekanta,  4^15-?-n-n 


CONTROL 

Observations  and  experiments  in  control  were  made  principally  with 
peaches  and  plums,  as  only  a  few  varieties  of  apricots  and  nectarines  were 
available  for  experimental  work.  This  phase  of  the  subject  may  be  dis- 
cussed under  four  heads:  exclusion,  eradication,  protection,  and  immuni- 
zation. 

EXCLUSION 

In  budding,  the  greatest  care  should  be  exercised  in  selecting  material 
only  from  trees  known  to  be  free  from  the  organism.  Even  though  the 
twigs  are  free  from  cankers,  the  organism  may  be  transferred  to  the  healthy 
stock  through  infected  buds.  Laboratory  and  field  experiments  made 
at  the  Missouri  State  Fruit  Experiment  Station  show  that  it  is  impos- 
sible to  determine  from  the  external  appearance  of  the  bud  whether  it  is 
infected. 
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In  preparing  to  set  out  an  orchard,  great  care  should  be  used  in 
ordering  the  trees.  Purchases  should  be  made  only  from  reliable  nursery- 
men, and,  if  possible,  the  nursery  should  be  visited  and  the  trees  inspected 
in  the  fall,  while  they  are  still  in  full  leaf,  in  order  to  make  sure  that  the 
foliage  is  free  from  shot-hole  condition  and  the  twigs  are  free  from  cankers. 
If  this  is  impossible,  the  trees  should  be  carefully  examined  for  black 
cankers  in  the  spring,  before  they  are  set  out.  The  disease  is  usually 
more  easily  detected  in  fall  than  in  spring.  All  infected  trees  should  be 
rejected. 

Since  the  organism  is  readily  carried  from  one  tree  to  another,  the  lo- 
cation of  a  young  orchard  or  nursery  in  relation  to  old,  diseased  trees  or 
orchards  is  of  considerable  importance.  The  writer  has  frequently  ob- 
served old  orchards  which  served  as  centers  of  inoculum  for  young  trees. 

In  1906  a  tract  of  one  hundred  and  sixty  acres  of  new  land  near  Koshko- 
nong,  Missouri,  which  bordered  an  old  peach  orchard  on  the  south,  was  set 
with  two-years-old  Elberta  peach  trees.  During  the  first  year  the  foliage  on 
the  trees  in  the  first  fifteen  rows  became  more  or  less  diseased,  but  during 
the  second  year  the  disease  advanced  more  rapidly  and  the  foliage  on  trees 
in  the  two  hundred  and  fifty  rows  next  to  the  old  orchard  became  involved. 
The  trees  beyond  this,  however,  were  normal  and  were  making  satisfac- 
tory growth.  At  the  end  of  the  third  year  nearly  every  tree  in  the  entire 
orchard  was  diseased.  Those  in  the  first  fifty  rows  bordering  the  old 
orchard  contained  more  twig  cankers  than  did  those  in  any  other  part. 

ERADICATION 

After  the  disease  has  once  become  established,  the  chief  point  of  attack 
is,  of  course,  the  cankers  on  twigs,  limbs,  and  trimks  of  the  trees,  since 
these  wounds  not  only  serve  to  carry  the  organism  through  the  winter 
but  also  in  many  cases  tide  it  over  unfavorable  periods  in  summer.  Care- 
ful pruning  not  only  removes  many  of  the  twig  cankers  —  and  very  often 
the  cankers  near  the  tips  of  the  twigs  contain  the  greatest  numbers  of 
bacteria  —  but  also  serves  to  stimulate  new  growth  which  often 
shows  considerable  resistance  to  the  attacks  of  the  organism.  It  is 
of  course  impossible  to  remove  all  the  twig  cankers  in  a  crop  season. 
But  in  an  off  year,  when  the  fruit  buds  have  all  been  winterkilled,  the 
twig  cankers  on  the  old  trees  can  be  removed  by  cutting  back  the  limbs 
to  one-fourth  of  their  entire  length  and  carefully  trimming  out -all  the 
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one-  and  two-years-old  twigs  from  the  center  of  the  trees.  Lesions  on  the 
limbs  and  trunks  soon  form  rough,  open  cankers  and  can  easily  be  found. 
Such  wounds  must  also  be  cut  out,  or,  if  this  is  impossible,  the  diseased 
tissue  must  be  completely  removed  by  cutting  around  the  canker  well 
into  the  healthy  part  of  the  limb  or  the  trunk.  In  every  case  the  wound 
should  be  thoroughly  disinfected  with  corrosive  sublimate  solution,  one 
part  to  one  thousand  parts  of  water.  The  organism  can  usually  be  elim- 
inated in  this  way  on  the  apricot,  the  nectarine,  and  the  peach.  In  the 
case  of  the  plum,  however,  especially  on  the  Japanese  varieties  where  the 
organism  has  invaded  the  large  limbs  and  the  trunk,  it  is  practically  im- 
possible to  save  the  tree. 

In  1907  the  peach  trees  in  the  Missouri  State  Fruit  Experiment  Station 
variety  orchard  were  heavily  pruned.  All  the  limbs  were  cut  back  one- 
fourth  of  their  length.  One  hundred  and  thirty  Elberta  trees  of  the 
same  age  were  not  severely  pruned  but  were  treated  in  every  other  way  as 
the  other  trees.  During  the  fall  the  foliage  on  the  pruned  trees  was  of  a 
better  color  and  more  nearly  free  from  disease  than  that  on  the  unpruned 
trees.  In  1908  little  or  no  injury  was  observed  on  the  pruned  trees,  while 
foliage  on  all  unpruned  Elberta  trees  was  more  or  less  diseased.  Twenty 
per  cent  of  the  leaves  finally  fell,  and  twig  cankers  also  were  plentiful. 
Chandler,*  of  the  University  of  Missouri,  has  also  observed  in  his  work 
that  severe  pruning  tends  to  make  the  trees  more  nearly  free  from  the  shot- 
bole  disease. 

PROTECTION 

Spraying 

Since  bordeaux  mixture  has  been  used  successfully  in  controlling  v£trious 
plant  diseases,  and  lime-sulfur  has  been  used  also  with  more  or  less  suc- 
cess, a  number  of  experiments  were  undertaken  in  order  to  determine 
the  effectiveness  of  these  mixtures  in  controlling  this  organism. 

In  1908,  thirty-two  eight-years-old  Elberta  peach  trees  were  sprayed 
seven  times  with  bordeaux  mixture,  and  twelve  were  used  as  checks. 
The  first  application  was  made  with  the  6-4-50  formula  on  March  12,  just 
before  the  fruit  buds  opened.  The  other  six  applications  were  made  with 
the  2-9-50  formula  after  the  leaves  had  unfolded ;  the  first  of  these  was  made 
on  April  21,  and  the  others  followed  at  intervals  of  from  twelve  to  fifteen 

« Chandler.  W.  H..  in  a  letter  dated  September  26. 1912. 
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days.  On  August  12,  the  leaves,  the  twigs,  and  the  fruit  on  the  sprayed 
trees  were  free  from  disease.  The  fruit  was  of  excellent  color  and  quality, 
but  there  was  sixty-one  per  cent  less  fruit  on  these  trees  than  on  the  checks. 
The  leaves  on  the  checks  were  badly  shot-holed  and  about  ten  per  cent  of 
them  had  fallen.  The  twigs  also  contained  many  blackened  cankers. 
Sixty-three  per  cent  of  the  fruit  was  infected. 

In  the  same  year,  twenty-nine  eight-years-old  Elberta  peach  trees  were 
sprayed  seven  times  with  lime-sulfur.  Eleven  trees  were  used  as  checks. 
The  first  application  was  made  with  the  standard  15-15-60  formula  on  March 
12,  just  before  the  buds  opened.  The  other  six  applications  were  made 
with  self-boiled  lime-sulfur,  12-8-50  formula,  after  the  leaves  had  opened; 
the  first  of  these  was  made  on  April  21,  and  the  others  followed  at  intervals 
of  from  twelve  to  fifteen  days.  On  August  12  the  foliage  on  the  sprayed 
trees  was  more  or  less  dotted  with  diseased  spots.  The  tw^  also  showed 
a  few  black  cankers.  Fifty-two  per  cent  of  the  fruit  contained  many  small 
bacterial  wounds,  but  otherwise  it  was  in  good  condition  (Fig.  64).  The 
yield  was  reduced  twenty  per  cent.  On  the  check  trees  the  foliage  was 
badly  injured  and  ten  per  cent  of  the  leaves  had  fallen.  The  twigs  also 
showed  many  cankers.  Sixty-three  per  cent  of  the  fruit  was  diseased 
and  cracked,  its  market  value  being  considerably  reduced. 

In  1909,  twenty-two  nine-years-old  Elberta  peach  trees  were  sprayed 
four  times  with  peach  bordeaux  mixture,  2-9-50  formula.  Twelve  trees 
were  used  as  checks,  fn  1908  curculio  punctures  made  it  difiScult  to 
determine  the  exact  extent  of  injury  due  to  the  attack  of  this  organism, 
and  therefore  in  all  the  spraying  experiments  in  1909  arsenate  of  lead  was 
added  to  the  mixture  used  in  the  first  two  applications.  The  poison  was 
added  at  the  rate  of  two  pounds  to  fifty  gallons  of  the  spray  mixture. 
The  first  application  was  made  about  seven  days  after  the  petals  had  fallen, 
and  the  three  others  followed  at  intervals  of  four  weeks.  On  August  8, 
as  far  as  could  be  observed,  the  leaves,  the  twigs,  and  the  fruit  were  free 
from  disease.  The  foliage  on  the  check  trees  was  badly  injured,  and  fifteen 
per  cent  of  the  leaves  had  fallen.  The  twigs  contained  many  black  can- 
kers. Sixty-five  per  cent  of  the  fruit  was  injured,  and  most  of  this  was 
worthless. 

In  1909,  twenty-four  nine-years-old  Elberta  peach  trees  were  sprayed 
four  times  with  self-boiled  lime-sulfur,  12-8-50  formula.  Arsenate  of  lead 
was  added  to  the  first  two  applications  at  the  rate  of  two  pounds  of  the 
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poison  to  fifty  gallons  of  the  mixture.  The  first  application  was  made 
about  seven  days  after  the  petals  had  fallen,  and  the  three  others  followed 
at  intervals  of  four  weeks.  On  August  8  only  a  few  spots  were  observed 
on  the  leaves,  and  the  twigs  were  apparently  free  from  cankers,  but  fifteen 
per  cent  of  the  fruit  was  infected.  The  foliage  on  the  check  trees  was 
badly  injured,  and  fifteen  per  cent  of  the  leaves  had  fallen.  Many  of 
the  twigs  were  badly  cankered.  Sixty-three  per  cent  of  the  fruit  was 
infected,  and  most  of  this  was  worthless. 

Apparently  the  arsenate  of  lead  improved  the  effectiveness  of  the  self- 
boiled  lime-sulfur  solution.  It  is  quite  probable,  however,  that  the 
beneficial  results  obtained  from  the  addition  of  arsenate  of  lead  are  due 
rather  to  the  control  of  insects  which  serve  as  agents  of  dissemination  than 
to  the  improvement  of  the  mixture  as  a  fungicide.  Laboratory  tests  show 
that  arsenate  of  lead  used  at  the  rate  of  two  and  one-half  pounds  to  fifty 
gallons  of  water  has  very  little  influence  on  the  grovrth  of  this  organism. 

From  these  and  other  experiments,  it  is  evident  that  bordeaux  mixture 
will  control  the  disease.  But  the  foliage  of  the  trees,  especially  in  the  case 
of  peach  and  nectarine,  is  extremely  sensitive  to  the  action  of  copper, 
and  in  some  cases  the  trees  are  defoliated  even  when  the  copper  is  used 
at  the  rate  of  one-half  pound  of  copper  sulfate  to  nine  pounds  of  lime  and 
fifty  gallons  of  water.  Self-boiled  lime-sulfur  alone  is  much  less  effective, 
and  in  all  the  writer's  experiments  it  failed  to  control  the  disease;  but 
when  two  pounds  of  arsenate  of  lead  were  added  to  fifty  gallons  of  the 
mixture  it  became  much  more  effective. 

Cultivation 
A  tract  of  about  two  hundred  acres  of  new  land  at  Koshkonong,  Missouri, 
was  set  in  1906  with  two-years-old  Elberta  peach  trees  which  were  more  or 
less  infected  with  the  organism.  Strips  about  four  feet  wide  were  plowed 
across  the  field  and  trees  were  set  on  the  plowed  land.  The  orchard  was 
fairly  well  cultivated  during  the  first  three  years.  The  organism  gradually 
spread  from  the  diseased  to  the  healthy  trees,  and  at  the  end  of  the  third 
year  every  tree  in  the  entire  tract  was  more  or  less  infected.  Many  of 
the  trees  were  stunted  and  some  of  them  finally  died.  Their  death, 
however,  could  not  be  attributed  directly  to  the  work  of  this  organism, 
but  was  apparently  due  to  a  combination  of  winter  injury  of  the  roots, 
premature  defoliation  due  to  the  work  of  the  bacteria,  and,  finally,  the 
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invasion  of  the  roots  by  one  of  the  root  rot  organisms.  The  trees  of  this 
orchard  were  uneven  and  produced  very  little  fruit. 

In  the  same  year  another  tract  of  about  one  hundred  acres  of  new  land 
was  planted  with  two-years-old  Elberta  trees  brought  from  the  same 
nursery.  In  this  case  the  groimd  had  been  thoroughly  prepared  and 
the  orchard  was  carefully  cultivated  during  the  following  three  years. 
A  number  of  infected  trees  were  observed  in  different  parts  of  this  orchard 
in  the  first  year,  but  the  disease  spread  very  little  and  by  the  end  of  the 
third  year  all  traces  of  disease  had  disappeared.  The  trees  developed 
imiformly  and  produced  large  crops  of  excellent,  clean  fruit. 

Diseased  trees  that  have  been  properly  cultivated  invariably  hold 
their  leaves  longer  and  resist  the  influence  of  the  organism  much  better 
than  do  poorly  cultivated  trees.  The  general  vigor  of  the  host  pla3rs  an 
important  part  in  controlUng  the  disease.  Trees  standing  in  thin,  poor 
soil  invariably  suffer  more  severely  than  do  those  standing  in  more  fertile 
places.  Trees  that  yield  abundantly  are  less  resistant  than  those  that 
produee  little  or  no  fruit.  The  foliage  of  infected  trees  that  yield  full 
crops  in  two  consecutive  years  usually  falls  prematurely  if  the  trees  are 
not  liberally  fertilized  and  well  cultivated. 

In  the  spring  of  1907  the  peach  trees  in  the  Missouri  State  Fruit  Ejcperi- 
ment  Station  variety  orchard  were  cut  back  severely,  and  about  the 
middle  of  May  complete  fertilizer  at  the  rate  of  800  pounds  to  the  acre 
was  applied  to  the  soil  on  one-half  of  the  orchard.  The  same  amount  was 
applied  also  to  an  acre  of  Elberta  peach  trees  of  the  same  age  which  had 
not  been  cut  back.  Both  the  variety  orchard  and  the  Elberta  orchard 
were  finally  planted  in  cowpeas.  On  September  1  the  foliage  on  the  trees 
that  had  been  cut  back  and  fertilized  was  in  good  condition  and  no  pre- 
mature defoliation  was  observed.  The  foliage  on  the  Elberta  trees, 
which  had  been  fertilized  and  not  cut  back,  was  in  fair  condition,  but 
from  two  to  five  per  cent  of  the  leaves  had  fallen.  The  foliage  of  the  trees 
that  had  been  cut  back  and  not  fertilized  was  more  or  less  injured  and 
from  ten  to  twenty  per  cent  of  the  leaves  had  fallen.  The  most  striking 
results,  however,  appeared  in  September,  1908.  The  trees  in  the  fertilized 
and  cut-back  block  were  practically  free  from  disease.  The  foliage  on 
the  Elberta  trees,  which  had  been  fertilized  and  not  cut  back,  was  more  or 
less  diseased,  twenty  per  cent  of  the  leaves  had  fallen,  and  many  of  the 
twigs  contained  black  cankers.    The  foliage  on  the  block  of  trees  which 
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had  been  cut  back  and  not  fertilized  was  much  improved,  not  over  two 
or  three  per  cent  of  the  leaves  had  fallen,  and  the  twigs  on  very  few  of 
the  trees  contained  cankers. 

Chandler,*^  in  a  series  of  commercial  fertilizer  experiments  conducted 
at  Brandsville,  Missouri,  from*  1910  to  1912,  also  has  shown  that  the 
organism  can  be  controlled  to  a  large  extent  by  the  use  of  fertilizer.  He 
obtained  excellent  results  in  using  from  700  to  800  pounds  of  complete 
fertilizer  per  acre  on  mature  trees  and  from  300  to  400  poimds  on  trees 
from  two  to  three  years  old.  Applications  were  made  once  a  year  in  early 
spring  or  in  June.  Those  made  in  June  apparently  gave  better  results 
than  those  made  in  spring.  Chandler's  results  show  that  nitrate  of 
soda  is  the  essential  element  for  controlling  the  disease.  All  plots  that 
received  nitrate  of  soda,  whether  alone  or  in  combination  with  either 
potassium  chloride  or  acid  phosphate  or  both,  showed  very  great  resistance 
to  the  disease,  but  the  plots  receiving  only  potassium  or  phosphorus  or 
both  did  not  show  any  increased  resistance.  In  the  plots  treated  with 
nitrate  of  soda  a  few  leaves  were  affected,  yet  very  few  fell  as  the  result 
of  the  disease  and  the  foliage  had  a  healthy  color.  In  some  cases  the 
trees  of  the  check  plot  and  those  treated  with  potassium  chloride  and 
acid  phosphate  lost  as  high  as  fifty  per  cent  of  their  leaves. 

An  application  of  manure  well  worked  into  the  soil  gives  excellent  results 
and  in  some  cases  the  improved  condition  of  the  trees  is  more  permanent 
than  when  commercial  fertilizer  alone  is  used.  Good  results  have  been 
obtained  by  seeding  down  the  orchard  permanently  to  red  clover  after 
a  hberal  application  of  manure.  The  clover  is  cut  from  time  to  time  and 
allowed  to  rot  under  the  trees.  This  practice,  however,  has  disadvantages 
and  cannot  be  recommended  for  general  use.  Very  good  results  have  been 
obtained  also  by  following  an  application  of  manure  with  cowpeas.  The 
tops  are  not  cut  but  are  allowed  to  stand  until  killed  by  frost,  and  the 
following  spring  the  dead  material  is  carefully  worked  into  the  soil.  After 
the  first  year  commercial  fertilizers  and  cowpeas  are  used,  but  if  the  trees 
show  marked  improvement  nitrate  of  soda  is  omitted  from  the  fertilizer, 
since  the  cowpeas  as  a  rule  furnish  sufficient  nitrogen.  This  method 
gives  good  results.  The  peas,  however,  furnish  an  abimdant  food  supply 
for  mice,  which  are  likely  to  injure  the  trees  during  the  winter. 

*  Chandler,  W.  H.,  in  a  letter  to  the  writer  dated  September  26,  1912,  containing  a  summary  of  some  of 
his  commercial  fertiliser  experiments  with  peach  trees.  A  detailed  account  of  the  experiments  wiU 
finally  be  published  by  the  Missouri  Experiment  Station,  Coltmibia,  Missouri. 
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IMMUNIZATION 

No  doubt  much  can  be  accomplished  in  the  way  of  resistance  by  crossing 
the  less  resistant  with  the  more  resistant  varieties.  This  is  especially 
true  in  the  case  of  plums. 

RECOMMENDATIONS  FOR  CONTROL 

Since  the  organism  is  spread  largely  in  the  nursery,  great  care  should  be 
exercised  in  selecting  trees  for  planting.    Stock  should  be  bought  only 
from  reliable  nurser3rmen,  who  should  be  required  to  guarantee  the  trees  * 
to  be  free  from  the  disease.    A  single  diseased  tree  may  cause  serious  loss 
after  the  trees  are  set  out. 

Old,  neglected,  budded  apricot,  nectarine,  peach,  and  plum  trees, 
especially  plum,  usually  harbor  the  organism  and  become  a  menace  to 
young  orchard  trees.  All  such  trees  should  be  cut  down  before  the  young 
trees  are  set  out. 

The  ground  must  be  thoroughly  plowed  before  the  young  trees  are  set, 
and  about  one  pound  of  a  complete  fertiUzer  should  be  worked  into  the 
soil  about  the  tree  while  it  is  being  set.  Too  much  care  cannot  be  given 
to  the  cultivation  of  an  orchard,  especially  during  the  first  two  or  three 
years. 

Where  the  organism  has  become  thoroughly  established,  systematic 
pruning,  cutting  out,  and  careful  removing  of  all  the  diseased  tissue  from 
the  cankers  on  the  Umbs  and  the  trunks  of  the  trees  will  eliminate  the 
source  of  infection  to  a  large  extent.  Complete  eradication  on  old  trees 
(seven  or  eight  years  old),  however,  can  be  accompUshed  only  by  pruning 
the  trees.  Pruning  not  only  tends  to  eliminate  the  source  of  infection,  but 
also  serves  to  stimulate  new  growth  which  is  more  resistant  to  the  disease. 

Where  the  trees  have  been  heavily  pruned,  a  thorough  appUca- 
tion  of  bordeaux  mixture  (4  pounds  of  copper  sulfate,  4  pounds  of  lump 
lime,  and  50  gallons  of  water)  just  before  the  buds  open  will  be  of 
considerable  assistance  in  controlling  the  disease  on  the  fruit,  especially 
if  this  application  is  followed  by  two  or  three  applications  of  arsenate  of 
lead  (2^  pounds  of  arsenate  of  lead,  4  pounds  of  lump  lime,  and  50  gallons 
of  water)  to  control  the  curculio  and  other  insects,  which  aid  materially 
in  disseminating  the  organism.  The  first  apphcation  of  arsenate  of  lead 
should  be  made  just  as  the  shucks  slip;  the  second,  two  weeks  later;  and 
the  third,  about  two  weeks  after  the  second. 
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The  older  trees  that  are  in  good  condition  are  as  a  rule  not  seriously 
injured  by  the  disease.  Thorough  cultivation  of  an  orchard  and  the  use 
of  fertilizers  are  absolutely  essential.  Complete  fertilizer,  at  the  rate  of 
about  600  pounds  to  the  acre  in  early  spring  for  mature  trees  and  from 
150  to  300  pounds  for  young  trees,  gives  very  good  results.  In  crop 
seasons  a  second  application  of  about  250  to  300  pounds  of  the  fertilizer 
should  be  made  in  June;  the  amount  of  nitrate  of  soda  in  this  application 
should  be  reduced  by  about  one-half.  A  liberal  application  of  stable 
manure  in  the  spring,  well  worked  into  the  soil,  will  also  give  excellent 
results.  Close  attention  to  pruning  and  to  the  chemical  and  physical 
conditions  of  the  soil  will  practically  control  this  disease. 
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THE  CONTROL  OF  INSECT  PESTS  AND  PLANT  DISEASES 

Few  growers  of  crops  realize  the  annual  loss  caused  by  insects  and  fun- 
gous diseases.  It  is  safe  to  say  that  in  the  State  of  New  York  the  loss  from 
these  sources  alone  exceeds  the  amount  annually  appropriated  by  the 
Legislature  for  conducting  the  State's  business.  From  careful  spraying 
experiments  conducted  by  the  growers  themselves  under  the  direction  of 
Professor  F.  C.  Stewart,  of  the  New  York  State  Experiment  Station  at 
.  Geneva,  it  is  shown  that  the  average  annual  preventable  loss  to  potato 
growers  in  this  State  from  blights  and  insects  is  nearly  fifty  biishels  to 
the  acre.  This  represents  a  loss  of  over  ten  million  dollars  yearly,  which 
might  be  saved  by  an  expenditure  of  less  than  five  dollars  an  acre  for 
spraying.  A  careful  estimate  of  losses  from  the  loose  smut  of  oats  in 
this  State  shows  that  ten  per  cent  of  the  crop  is  destroyed  annually  by 
this  fungous  disease,  a  net  loss  of  over  a  million  dollars  in  1914.  The 
losses  from  apple  scab  and  codling  moth,  from  San  ]os6  scale,  peach 
yellows,  and  fire  blight,  and  from  all  the  other  common  insect  pests  and 
destructive  plant  diseases,  if  they  could  be  accurately  estimated,  would 
show  a  grand  total  of  appalling  magnitude.  This  tremendous  annual  tax 
on  the  plant  production  of  the  State  might  be  greatly  reduced  by  the 
proper  application  of  known  methods  of  control. 

The  method  of  control  to  be  employed  for  a  given  insect  pest  or  fungous 
disease  must  be  determined  by  the  nature  and  habits  of  the  enemy  and 
by  the  character  of  the  crop  attacked.  Plants  can  seldom  be  cured  of 
disease  as  are  men  and  animals.  They  must  be  protected  from  the  attack. 
If  sucking  insects  are  to  be  controlled,  something  must  be  appUed  that 
win  kill  when  it  hits  them,  as  whale-oil  soap  or  nicotine  solution;  if  biting 
insects  are  to  be  combated,  the  fruit  and  foliage  must  be  sprayed  or  dusted 
with  a  poison  that  when  eaten  will  destroy  the  pest.  Many  fungous 
diseases  are  prevented  by  spraying  the  plants,  before  the  disease  appears, 
with  a  mixture  poisonous  to  the  fungus  but  harmless  to  the  plant.  The 
poisons  that  destroy  fungi  are  seldom  effective  against  insects,  and  hence 
we  have  fungicides  and  insecticides.  Often  these  can  be  combined  in  one 
mixture  for  insect  and  fimgous  pests  of  certain  crops,  as,  for  example, 
arsenate  of  lead  and  lime-sulfur  for  controlling  codling  moth  and  apple 
scab. 

It  is  not  to  be  supposed  that  spra3nng  is  the  only  means  of  controlling 
diseases.  Many  fungi  are  perpetuated  from  year  to  year  in  or  on  the 
seeds  of  the  crop,  as,  for  example,  the  smut  of  oats  and  wheat,  or  the  pod 
spot  of  beans.  In  such  cases  it  becomes  necessary  to  treat  the  seed  in 
order  to  kill  the  fungus,  or  to  select  seed  free  from  the  disease.    Special 
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methcxis  of  cultivation,  soil  treatment,  sanitation,  and  the  like,  are  means 
of  controlling  these  pests  and  maladies,  to  be  practiced,  as  is  spraying, 
only  in  those  cases  in  which  they  have  been  shown  to  be  especially  appli- 
cable. 

In  order  to  successfully  apply  these  measures  for  control  of  a  given 
disease,  certain  factors  must  be  taken  into  consideration.  For  example, 
in  spraying  apple  trees  for  scab,  the  stage  of  development  of  the  buds, 
the  blossoms,  and  the  fruit,  together  with  the  character  of  the  weather 
rather  than  the  day  of  the  month,  must  be  the  guide  in  making  the  ap- 
plication. 

For  nearly  all  fungous  diseases  the  spray  should  be  applied  before  rains, 
not  after.  Fungous  spores  are  scattered  and  germinate  during  rains, 
seldom  after.  The  plants  should  be  protected  by  having  the  mixture 
on  when  the  rain  comes.  Bordeaux  or  lime-sulfur  does  not  wash  off  easily. 
When  spraying  for  insect  pests  alone,  the  mixture  should  be  applied  after 
rains.  The  spraying  should  be  done  thoroughly.  Every  leaf  and  fruit 
must  be  coated  in  order  to  be  protected.  A  nozzle  that  gives  a  fine,  misty 
spray  should  be  used.  This  requires  also  good  pressure  behind  the  nozzle. 
The  amount  of  pressure  reqtiired  to  do  good  work  varies  with  the  type 
of  nozzle.  It  should  never  be  less  than  75  pounds,  and  some  types  of 
nozzles  reqtiire  175  poimds  in  order  to  do  the  best  work. 

Timeliness  and  thoroughness  are  more  important  factors  in  the  control 
of  diseases  and  insect  pests  than  are  the  particular  mixtures  of  poisons 
used. 

For  purposes  of  control,  insects  are  divided  into  two  great  classes: 
(i)  Chewing  insects,  or  those  having  jaws  by  means  of  which  they  bite 
off  and  eat  portions  of  the  tissues  of  the  plant.  Examples  are  Colorado 
potato  beetle,  cankerworm,  and  codling-moth  caterpillar.  (2)  Sticking 
insects,  or  those  with  a  beak  containing  four  bristles  united  into  a  slender 
tube.    The  bristles  are  inserted  into  the  plant,  and  through  them  the 

insects  suck  out  the  sap.  Examples 
are  squash  stinkbug,  San  Jos6  scale, 
and  plant  louse  (Fig.  191). 

Chewing  insects  are  usually  con- 
trolled by  applying  to  their  food 
poisons  such  as  paris  green,  arsenate 
of  lead,  or  hellebore.  Sucking  insects 
cannot  be  reached  in  this  way  and 
Fig.  roi. —  A  plant  louse,  one  of  the  must  be  killed  by  a  direct  application 
sucking  insects,  showing  the  beak  ^j  ^^^^^  insecticides,  such  as  soaps, 

oils,  or  other  substances.  In  fighting  sucking  insects  thorough  and 
skillful  work  is  required,  since  every  individual  insect  must  be  hit  by 
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the  spray ;  while  in  the  case  of  chewing  insects,  it  is  merely  necessary  to 
apply  the  poison  thoroughly  to  the  food-plant. 

ALFALFA 

The  presence  of  dodder  causes  small  areas  of  alfalfa  to  die.  Around 
Dodder  the  margins  of  these  areas  the  ground  is  covered  with  a  tangled  mat 
(Fig.  192)         of  yellow  threads  that  twine  closely  ahout  the  plants  and  kill  them. 

Infested  spots  should  be  closely  mowed,  and 
the  stubble  sprinkled  with  kerosene,  covered 
with  dry  hay,  and  burned.  Only  seed  free 
from  dodder  should  be  used.  Samples  of 
seed  may  be  sent  to  the  State  Experiment 
Station  at  Geneva  to  be  examined  for  dod- 
der. Alfalfa  seed  can  be  cleaned  by  sifting 
it  through  a  20x20-mesh  sieve  made  of 
No.  34  wire. 


Fig.   192. —  Dodder  on  alfalfa,  showing  Fig.  193. —  Alfalfa  leaf  spot 

the  slender,  cord-like  stems   and   the 
bunches  of  small  white  flowers 

Leaf  spot  is  the  most  serious  fungous  disease  of  the  alfalfa  crop  in 

Leaf  spot        the  State.     It  causes  the  leaves  to  become  spotted  and  yellow  and 

(Fig.  193)  to  fall  prematurely.     New  seeding,  if  badly  diseased,  should  be 

topped,  but  never  mowed  closely.    When  older  fields  are  attacked, 

the  hay  should  be  cut  a  few  days  early  in  order  to  avoid  loss  of  leaves  and  to  permit  a 

new  growth  that  will  usually  outgrow  the  trouble, 

APPLE 

Three  species  of  plant  lice  are  abtmdant  on  the  apple:  the  grain 
Aphid  aphid,  the  green  aphid,  and  the  rosy  aphid.   They  all  pass  the  winter 

in  the  form  of  black,  shiny  eggs  on  the  twigs  and  branches.  The 
eggs  hatch  just  as  the  buds  are  bursting,  and  the  young  lice  cluster  on  the  opening 
buds  (Fig.  194).  Thorough  spraying  at  this  time  with  "black  leaf  40"  tobacco  extract, 
}  pint  in  100  gallons  of  lime-sulfur  or  water,  is  the  most  effective  way  of  controlling 
these  insects.  If  used  with  water,  4  or  5  pounds  of  soap  should  be  added,  to  make  the 
liquid  stick  and  spread  better. 
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Pig.  194. —  Apple  aphids  dusUring  on 
opening  buds.  The  most  effective  time  for 
spraying 


The  small,  white  apple 
Ajlple  maggot  maggots  make  brownish, 

winding  burrows  in  the 
flesh  of  the  fruit,  particularly  in  summer 
and  early  fall  varieties.  When  full-grown 
the  maggot  leaves  the  fruit,  passes  into  the 
ground,  and  finally  transforms  into  a  fly. 
The  flies  are  constantly  sucking  material 
from  the  surface  of  the  apples.  They  may 
be  poisoned  by  applying  a  mixture  of  2  J 
pounds  of  arsenate  of  lead  to  50  gallons  of 
water  sweetened  with  i)  gallons  of  cheap 
sirup.  The  mixture  should  be  applied  to 
the  trees,  in  coarse  drops,  between  June  15 
and  July  i,  and  again  in  ten  days.  If 
rains  wash  the  liquid  from  the  trees,  other 
applications  should  be  made.  Well-culti- 
vated orchards  seem  less  subject  to  the 
attacks  of  the  maggot,  and  therefore  dean 
cultivation  is  recommended. 

The  apple  redbugs  are 
Ajlple  redbug    small,  bright  red,  suck- 
ing bugs,  which  appear  on  the 
trees  and  punctiwe  the  newly  set  fruit,  causing  the 
apples  either  to  fall  or,  if  they  mature,  to  be 
Imotty,.  as  shown  in  Fig.  195. 

The  trees  should  be  twice  sprayed  with  "  black 
leaf  40'*  tobacco  extract,  i  pint  in  100  gallons  of 
spray  liquid:  first,  when  the  blossoms  show  pink, 
second,  as  the  last  of  the  petals  are  falling. 

The  apple  tent-caterpillar  hiber- 
Apple  tent-  nates  in  the  egg  state.  The 
caterpillar       ^gs     are    glued    in    ring-like, 

brownish  masses  (Pig.  196) 
around  the  smaller  twigs  of  the  trees,  where  they 
may  be  easily  fotmd  and  destroyed.  The  cater- 
pillars appear  in  early  spring,  devour  the  tender 
leaves,  and  build  unsightly  nests  on  the  smaller 
branches.  The  young  caterpillars  may  be  killed 
spraying  with  lime-sulfur  as  used  for  the  San  Jos6  scale.  They  may 
also  be  poisoned  with  arsenate  of  lead  when  the  blossoms  show  pink. 
The  nests  may  be  destroyed  by  wiping  them  out  when  they  are 
small. 

The    small,   brown,    black-headed  caterpillars  of 
Bud  moth       the  bud  moth  devour  the  tender  leaves  and  flowers 

of  the  opening  buds  in  early  spring.  Two  appli- 
cations of  4  pounds  of  arsenate  of  lead  in  100  gallons  of  water 
should  be  made,  the  first  when  the  leaf  tips  appear  and  the  second 
just  before  the  blossoms  open.  If  necessary,  there  should  be  a  third 
application  after  the  blossoms  fall.  (For  use  with  lime-sulfur,  see 
page  470.) 


Pig.  195,— Mature  apple,  show- 
ing injury  by  redbugs 

just  as  the  buds  show  green,  by 


Fig.  196. — Egg 
mass  of  apple 
tent -caterpil- 
lar 
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Cankerwonns  are  small  measuring  wonns,  or  loopers,  which  defoliate 
Cankerwonn    the  trees  in  May  and  June.    The  female  moths  are  wingless,  and  in 

late  fall  or  early  spring  crawl  up  the  trunks  of  the  trees  to  lay  their 
^gs  on  the  branches.  A  thorough  application  should  be  made  once  or  twice,  before 
the  blossoms  open,  of  4  pounds  of  arsenate  of  lead  in  100  gallons  of  water.  The  applica- 
tion should  be  repeated  after  the  blossoms  fall.  The  ascent  of  the  wingless  females 
should  be  prevented  by  means  of  sticky  bands  or  wire-screen  traps. 

The  small  case-bearer  caterpillars  live  in  pistol-  or  dgar-shaped 
Case  bearer     cases  about  }  inch  long,  which  they  carry  about  with  them.     They 

appear  in  spring  on  the  opening  buds  at  the  same  time  as  the  bud 
moth  and  may  be  controlled  by  the  same  means. 

The  pinkish  caterpillar  of  the  codling  moth  causes  a  lax^ge  pro- 

CodUng  motil   portion  of  wormy  apples.     The  eggs  are  laid  by  the  small  moth  on 

(Kg.  197)        the  leaves  and  skin  of  the  fruit. 

Most  of  the  caterpillars  enter  the 
apple  at  the  blossom  end.  When  the  petals  fall  the 
calyx  is  open  (Pig.  198),  and  this  is  the  time  to 
spray.  The  calyx  soon  closes  and  keeps  the  poison 
inside  ready  for  the  yoxmg  caterpillar's  first  meal 
(Pig.  199).  After  the  calyx  has  closed  it  is  too  late 
to  spray  effectively.  The  caterpillars  become  full- 
grown  in  July  and  August,  leave  the  fruit,  and  crawl 
down  on  the  trunk  of  the  tree,  and  there  most  of  them 
spin  cocoons  under  the  loose  bark.  In  most  parts  of 
the  country  there  are  two  broods  annually. 

Immediately  after  the  petals  fall,  the  trees  should 
be  sprayed  with  4  pounds  of  arsenate  of  lead   in 
100  gallons  of  dilute  lime-sulfur.    The  application  should  be  repeated  about  three 
weeks  later.    (For  use  with  lime-sulfur,  see  page  470.) 


Pig. 


197. —  Codling-moth  cater- 
pillar in  an  apple 


Pig.  198. —  Just  right  to  spray.  Two 
apples  from  which  the  petals  have 
just  fallen.  The  calyx  lobes  are 
widely  spread 


Fig.  199. —  Almost  too  late  to  spray 
effectively.  The  calyx  lobes  are 
nearly  together 

^SR  of  codling  moth  on  young  apple 
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The  green,  black-headed  caterpillars  of  the  fruit-tree  leaf-roller 
Fruit-tree       attack  the  opening  buds  and  web  together  the  expanding  leaves 
leaf-roUer       and  blossoms,  and  eat  holes  in  the  young  apples.    They  attack 
pears  also.    The  insects  pass  the  winter  in  the  egg  stage.     The 
eggs  are  deposited  in  flat  masses  on  the  twigs,  and  covered  with  a  vamish-li)ce  sub- 
stance.   A  large  proportion  of  the  eggs  can  be  destroyed  by  a  thorough  application 
of  a  miscible  oil,  i  gallon  in  15  gallons  of  water,  made  just  before  the  buds  open.    This 
should  always  be  followed  by  one  or  two  thorough  applications  of  arsenate  of  lead, 
6  pounds  in  100  gallons  of  water,  made  soon  after  the  buds  open. 

When  full-grown  the  caterpillars  of  the  green  fruit-worm  are  some- 
Green  what  larger  than  those  of  the  fruit-tree  leaf-roller,  being  about 
fruit-WOnn        one  to  one  and  one-half  inches  in  length  and  of  a  light  green  color 
with  whitish  stripes.    They  injure  the  fruit  in  much  the  same  way 
as  does  the  fruit-tree  leaf-roller.    They  may  be  controlled  by  early  arsenical  sprays 
as  recommended  for  the  leaf  roller. 


San  Jos6  scale  Scurfy  scale  Oyster-shell  scale 

Fig.  200. —  The  three  common  scales  infesting  the  apple 

The  presence  of  the  minute  leaf  blister-mite  is  indicated  by  small. 

Leaf  irregular,  brownish  blisters  on  the  leaves.     The  trees  should  be 

blister-mite     sprayed  in  late  fall  or  early  spring  with  lime-sulfur  of  the  strex^h 

recommended  for  San  Jos6  scale. 

Round-headed  The  only  practicable  method  of  controlling  the  rotind-headed  borer 

borer  is  to  dig  out  the  insects  or  kill  them  with  a  wire. 

The  San  Jos^  scale  is  nearly  circular  in  outline  and  about  the  size 

San  Jos6  scale  of  a  pinhead.    When  abtmdant  it  forms  a  crust  on  the  branches 

(Fig.  aoo)  of  the  tree  and  causes  small  red  ^pots  on  the  fruit.     It  multiplies 

with  marvelous  rapidity,  there  being  three  or  four  broods  annually, 

and  each  mother  scale  may  give  birth  to  several  hundred  young.    The  young  are  bom 

alive  and  breeding  continues  until  late  autumn,  when  all  stages  are  killed  by  the  cold 

weather  except  the  tiny,  half -grown,  black  scales,  many  of  which  hibernate  safely. 

The  trees  should  be  sprayed  thoroughly  in  the  faU  after  the  leaves  drop,  or  in  the 
spring,  with  lime-sulfur  (32°  Baimi^),  i  gallon  in  8  or  9  gallons  of  water.  When  the 
trees  are  badly  infested  two  applications  should  be  made,  one  in  the  fall  and  the  other 
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in  the  spring.    In  case  of  large  old  trees,  25-per-cent  crude  oil  emulsion  should  be 

applied  just  as  the  buds  are  swelling. 

Oyster-shell  The  oyster-shell  scale  is  an  elongate  scale  J  inch  in  length,  resembling 
an  oyster  shell  in  shape  and  often  encrusting  the  bark.  Spraying 
should  be  done  as  recommended  for  San  Jos6  scale. 
The  whitish,  pear-shaped  scurfy  scale,  about  i  inch  in  length, 
often  encrusts  the  bark,  giving  it  a  scurfy  appearance.  Spraying 
should  be  done  as  recommended  for  San  Jos6  scale. 
Fire  blight  is  the  same  as  pear 
blight.  It  usua^y  makes  itself 
manifest  on  the  apple  trees  in 
three   forms,  blossom    blight,    hoig 

blight,  and  blight  cankers    on    limbs   and    body.    It 

is  caused  by  bacteria  which  are  distributed  by  bees, 

flies,  and  other  insects  and  is  not  controlled  by  spray- 
ing.    Cutting  out  and  destroying  the  diseased  parts  is 

the  chief  measure  to  be  taken.    A  systematic  inspection 

of  the  trees  should  be  made  from  one  to  three  times  a 

week  during  the  growing  season,  all  blighted  twigs 


scale 
(Fig.  200) 

Scurfy  scale 

(Fig.  200) 

Fire  blight 

(Fig.  201) 


Fig.  201. —  Blight  canker  of  apple 


Fig.  202.— New  York  apple- 
tree  canker 


cut  out,  and  the  cuts  disinfected  as  described  below.  The  bacteria  of  this  disease  are 
carried  over  winter  in  cankers  on  the  main  limbs  and  bodies  of  the  trees.  All  such 
cankers  should  be  removed  with  a  sharp  knife,  the  cut  being  made  well  into  the 
healthy  bark,  and  the  wound  should  be  washed  with  corrosive  sublimate,  i  part  to 
1000  parts  of  water.  The  wound  should  then  be  painted  with  coal  tar  or  lead  paint. 
All  old  pear  and  apple  trees  about  the  premises  should  be  destroyed  or  cleaned  up, 
because  such  trees  harbor  the  disease.  On  older  trees  of  most  varieties  of  apples 
the  infected  area  does  not  extend  to  the  older  growth.  Ordinarily  it  is  impracticable 
to  cut  affected  twigs  from  such  trees. 
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The  New  York  apple-tree  canker  is  an  important  fungous  disease 

New  York       which  should  not  be  confused  with  the  blight  canker.    These 

apple-tree       cankers,  black  and  rough,  are  usually  found  on  the  main  limbs 

canker  of  old  trees,  and  are  very  common  on  Twenty  Ounce  apples.   The 

(Fig.  203)         fungus  causes  a  brown  spotting  of  the  leaves  and  a  black  rot  of 

mature  fruit.  Since  the  fungus  enters  through  wounds,  breaking 
the  bark  should  be  avoided.  All  wounds  made  in  pruning  should  be  promptly  painted 
over.  Cankers  should  be  cut  out  and  treated  with  coal  tar.  The  body  and  the 
limbs  of  the  trees  should  be  soaked  when  the  dormant  application  for  scale  is  being 
made. 

Frost  canker,  also  known  as  sun  scald,  is  an  injury  to  the  bark 
Frost  canker    of  trunk  and  branches,  and  occurs  oftenest  on  the  southwest  side 

of  the  tree.  It  is  a  winter  injury  believed  to  be  caused  by  a  rapid 
fall  in  temperature  of  tissues  that  have  warmed  up  on  winter  days  from  exposure  to 
sunshine.  Collar  rot  and  crotch  cankers  are  also  types  of  winter  injury.  The  dead 
bark  should  be  removed  back  to  healthy  green  bark  around  the  injured  area,  and 
the  wotmd  covered  with  coal  tar  or  some  other  good  tree  paint.  The  injury  should 
be  prevented  by  endeavoring  to  ripen  the  wood  early  in  the  fall,  and  avoiding  the 
exposure  of  limbs  due  to  removing  too  many  branches  in  pruning. 

Scab,  commonly  known  among  growers  as  the  fungus,  attacks 
Scab  both    leaf   and    fruit,    but    is  /r^-^ 

(Kg.  30$)         usually    more   evident   on   the  MkTiA 

fruit.  The  trees  should  be 
sprayed  with  lime-sulfur  i  to  40  (see  table  of  dilu- 
tions page  465),  or  with  bordeaux  3-3-50:  first, 
just  before  the  blossoms  open;  second,  just  as  the 
petals  fall;  third,  three  weeks  after  the  petals  fall. 
In  most  seasons  the  second  spraying  seems  to  be 
the  most  important.  When  scab  is  prevalent  and 
favorable  weather  for  infection  prevails,  an  appli- 
cation should  be  made  in  late  July  to  prevent 
late  infection.  The  spraying  should  be  thorough. 
For  the  use  of  insect  poisons  with  lime-sulfur  or 
bordeaux  mixture,  see  Bud  moth  and  Codling  moth 
(pages  438  and  439).  ^'°-  203.— i4/)/»fe  scab 

Stippin  is  a  disease  of  the  fruit  known  also  as  bitter  pit,  and  in- 
Stippin  correctly  as  Baldwin  spot  and  as  bitter  rot,  in  which  brown,  corky 

areas  exist  beneath  the  skin  and  may  extend  deeply  into  the  flesh. 
The  disease  may  be  detected  on  the  surface  as  dark  pits.  It  is  thought  to  be  due 
to  an  improper  distribution  of  water  by  he  sap-carrying  vessels  of  the  fruit  at  a  time 
when  it  is  making  rapid  growth.  The  disease  sometimes  develops  in  storage,  due  to 
rapid  changes  in  temperature.     Little  is  known  regarding  its  control. 


APRICOT 
(For  insect  pests,  see  those  under  Peach,  page  453) 

ASPARAGUS 

Rust  is  the  commonest  and  most  destructive  disease  of  asparagus. 

Rust  It  produces  reddish  or  black  ptistules  on  stems  and  branches. 

All  affected  plants  should  be  burned  late  in  the  fall.    The  soil 

should  be  fertilized  liberally  and  cultivated  thoroughly.     During  the  cutting  season 
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no  plants  should  be  permitted  to  mature  and  all  wild  asparagus  plants  in  the  vicinity 
should  be  kept  cut.  Rust  may  be  partially  controlled  by  spraying  with  bordeaux 
5-5-50,  containing  a  sticker  of  resin-sal-soda  soap  (see  page  469);  but  this  is  a  difficult 
and  expensive  operation  and  is  probably  not  profitable  except  on  a  Large  acreage.  Spray- 
ing should  be  begun  after  cutting  as  soon  as  the  new  shoots  are  from  8  to  10  inches 
high,  and  repeated  once  or  twice  a  week  until  about  September  15.  Dusting  with 
sulfur  has  proved  effective  in  California. 


BEAN 

Anthracnose,  or  pod  spot,  is  a  fungous  disease  com- 
Antfaracnosei    monly  known  among  growers  as  rust.     It  is  carried 
or  pod  spot      over    from    one   season    to    another    in    the    seed. 
(Fig.  ao4)         Only  dean  seed,   obtained  by   selecting    pods    free 
from  the  diseased  spots,  should  be  planted.    Hand- 
sorting  of  seed  and  seed  treatment  will  not  control  this  disease,  but 
when   the  beans  can  be  thoroughly    hand-sprayed,  bordeaux    mixture 
5~5~50  ^'^  reduce  the  amount  of  disease.    The  first   spraying  should 
be  done  just  when   the  plants  break  through  the  ground;  the  second, 
when  the  first  pair  of  leaves  are  expanded;  the  third,  when  the  pods 
have  set. 

Blight    is    a    bacterial    disease.     Like    anthracnose, 

Blight  blight  is  carried  over  in  the  seed.     It  is  difficult  to 

control.     It  affects  the  leaves  chiefly,  forming  large 

dead  areas,  and  on  the  pods  it  forms  spots  that  may  be  confused  with 

anthracnose.     Spraying  with  bordeaux,  as  for  anthracnose,  is  said  to 

reduce  the  injury. 

Stem  rot  is  a  dry  rot  affecting  the  part  of  the  stem 

Stem  rot       at    and    below  the    surface  of   the   ground,    causing 

affected  areas  to  become    reddish    in  color   and  to 

shrivel.     This  results  in  vines  of  low  vigor  and  yield.     No  satisfactory 

method  of   control  has   been  worked  out.     A    wide   rotation  of  crops 

and  good  cultural  methods  have  yielded  the  best  results. 

BLACKBERRY 
(For  insect  pests,  see  those  tmder  Raspberry,  page  460)      ^'^' 


Fig.  204. — 
Bean  an- 
thracnose 


CABBAGE  AND  CAULIFLOWER 

The  cabbage  aphids  are  small,  mealy  plant  lice  which  are  especially 

Cabbage  aphid  troublesome  during  cool,  dry  seasons,  when  their  natural  enemies 

are  less  active.     If  plants  are  infested  in  the  seed  beds  they  should 

be  dipped  in  soap  solution  before  transplanting.     As  soon  as  the  lice  appear  they 

should  be  sprayed  with  whale-oil  soap,  i  pound  in  10  gallons  of  water,  or  with  one 

of  the  tobacco  extracts.    The  application  should  be  repeated  when  necessary. 

The  white  cabbage  root-maggots  hatch  from  eggs  laid  by  a  small 

Cabbage        fly  (which  somewhat  resembles  the  common  house  fly)  near  the 

root-maggot     plant  at  the  surface  of  the  ground.    The  earth  should  be  hollowed 

(Fig.  205)  out  slightly  around  every  plant,  and  carbolic  add  emulsion  diluted 

with  30  parts  of  water  applied  freely.    The  treatment  should 

begin  early,  a  day  or  two  after  the  plants  are  up  or  the  next  day  after  they  are    set 
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out.    The  application  should  be  repeated  every  seven  to  ten  days  until  the  latter 

part  of  May.  It  has 
also  been  found  practi- 
cable to  protect  the 
plants  by  the  use  of 
tightly  fitting  cards  cut 
from  tarred  paper. 

In  order  to  protect 
the  plants  in  the  seed 
bed,  the  bed  may  be  sur- 
rounded with  boards 
from  6  to  8  inches  wide 
placed  on  edge,  and 
c(>\'tTed  tightly  with  a 
screen  of  cheesecloth  as 
scK>n  as  the  plants  begin 
to  appear.  In  order  to 
harden  the  plants  the 
cloth  should  be  removed 


Fig.  205. —  Cabbage  rQot-maggots 


ten  days  before  they  are  ready  to  be  transplanted. 

The  green  caterpillars  of  the  cabbage  worm  hatch  from  eggs  laid 
Cabbage  worm  by  the  common  white  butterfly.     There  are  several  broods  every 
(Fig.  206)  season.     If    the   plants 

are  not  heading,  they 
should  be  sprayed  with  kerosene  emulsion 
or  with  paris  green  to  which  sticker  has 
been  added;  if  they  are  heading,  hellebore 
should  be  used. 

In  the  bacterial  disease 

Black  rot        known  as  black  rot,  the 

bacteria  get  into  the  sap 

tubes  of   the  leaves,  clogging    them    and 


Fig.  206. —  Imported  cabbage  worms 


Fig.  207. —  Clubfoot  of  cabbage 


IZ. 
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turning  them  black.  The  plants  drop  their  leaves  and  fail  to  head.  Crop  rotation 
should  be  practiced.  The  seed  should  be  soaked  for  fifteen  minutes  in  a  sdution 
made  by  dissolving  one  corrosive  sublimate  tablet  in  a  pint  of  water. 

Clubroot,  or  clubfoot,  is  a  slime  mold  disease,  the  parasite  Hving 

Clubrooti  or     in  the  soil.    Crop  rotation  should  be  practiced,  and  only  healthy 

clubfoot         plants  should  be  set.    Manure  containing  cabbage  refuse  should 

(Fig.  207)        not  be  used.    If  the  use  of  infested  land  is  necessary,  good  stone 

lime,  from  2  to  3  tons  per  acre,  should  be  applied.    The  application 

should  be  made  at  least  as  early  as  the  autumn  before  planting;  eighteen  months  before 

planting  is  better.     The  seed  bed  should  be  limed  in  the  same  manner.    This  disease 

is  sometimes  confused  with  the  injury  caused  by  cabbage  root-maggots. 

CARNATION 

Fusarium       Fusarium  stem  rot  is  a  dry  rot  of  the  lower  part  of  the  stem.    Plants 
stem  rot        affected  by  this  disease  die  slowly,  usually  a  branch  at  a  time. 

The  treatment  is  the  same  as  for  Rhizoctonia  stem  rot. 
Leaf  Spot       Round,  grayish  spots  on  stem  and  leaves  are  evidences  of  the 
presence  of  leaf  spot.    The  treatment  is  the  same  as  for  rust. 
The  cause  of  Rhizoctonia  stem  rot  is  a  soil  fungus.    The  plants 
Rhizoctonia     wilt  suddenly,  the  stem  being  affected  with  soft  rot  at  or  below  the 
stem  rot        surface  of  the  soil.    In  the  field  the  location  of  the  plants  should  be 
changed  frequently,  annually  if  possible.    In  the  benches'  sterilized 
soil,  or  at  least  fresh  soil,  should  be  used.    After  transplanting  into  the  greenhouse, 
the  temperature  should  be  kept  as  low  as  possible  until  the  plants  become  established. 
The  soil  should  be  stirred  frequently.    Overwatering  should  be  avoided. 

Rust  can  be  recognized  by  the  brown,  powdery  pustules  on  stem 
Rust  and  leaves.    Only  the  varieties  least  affected  by  this  disease  should 

be  planted,  and  only  cuttings  from  healthy  plants  should  be  taken. 
The  plants  should  be  sprayed  (in  the  field  once  a  week,  in  the  greenhouse  once  in  two 
weeks)  with  copper  sulfate,  i  pound  to  20  gallons  of  water.  The  greenhouse  air  should 
be  kept  as  dry  and  as  cool  as  is  compatible  with  good  growth.  The  foliage  should  be 
kept  free  from  moisture,  and  the  plants  should  be  trained  so  as  to  secure  a  free  circula- 
tion of  air  among  them. 

CAULIFLOWER 
(See  Cabbage  and  Cauliflower) 

CELERY 

Cerospora  leaf  blight  is  sometimes  known  as  early  blight.    It  often 

Cerospora       appears  in  the  seed  bed  and  becomes  destructive  early  in  the.summer. 

leaf  blight       It  is  favored  by  hot  weather,  either  wet  or  dry.    Plants  should  be 

sprayed    with    bordeaux    mixture    5-5-50,    from   six    to    eight 

applications  being  made,  b^inning  when  the  plants  are  set  and  spraying  often  enough 

to  keep  new  growths  of  leaves  covered.  Diseased  plants  and  refuse  should  be  destroyed. 

Septoria  leaf  blight,   or  late   blight,   is  a  fungous  disease  often 

SeptOlia  leaf    appearing   in .  the    seed    bed    but    usually  becoming  destructive 

blight,  or        later  in  the  season.    It  is  often  destructive  after  celery  is  stored. 

late  blight       The  same  treatment  as  for  early  blight  is  used,  except  that  spraying 

should  be  continued  up  to  the  time  when  the  plants  are  harvested. 
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CHERRY 
Early  in  the  season  the  aphids,  dark  brown  plant  lice,  curl  the 
Aphid  terminal   leaves,  especially  attacking  sweet  cherries.    The  trees 

should  be  sprayed  with  "  black  leaf  40  "  tobacco  extract,  1  pint 
in  100  gallons  of  water,  to  which  4  or  5  pounds  of  soap  is  added.  The  application 
should  be  made  when  the  insects  are  clustered  on  the  opening  buds.  Repeat  the  applica- 
tion if  necessary. 

Cherry  fruit  flies  are  small  flies  with  banded  wings,  which  insert 

Cherry  their  eggs  tmder  the  skin  of  the  fruit.    The  maggots  burrow  in  the 

fruit  flies        flesh.    These  insects  are  most  injurious  to  late  varieties.    When 

the  flies  first  appear  in  June  the  trees  should  be  sprinkled  with 

arsenate  of  lead,  3  ounces  in  4  gallons  of  water  sweetened  with  i  pint  of  molasses.    The 

application  should  be  repeated  after  rains. 

Plum  CUrculio  —  See  under  Plum. 

Black  knot  is  caused  by  a  fungus,  the  spores  of  which  are  carried 

Black  knot      from  tree  to  tree  by  the  wind  and  thus  spread  the  infection.    The 

same^  ftmgus  also  affects  plums.    All  knots  should  be  cut  out  and 

burned  before  the. leaves  appear  in  spring.    Cherry  growers  should  see  that  the  knots 

are  removed  from  all  plum  and  cherry  trees  in  the  neighborhood. 

Brown  rot      Brown  rot  of  fruit  is  produced  by  the  sajne  fungus  that  causes  the 
of  fruit  brown  rot  of  peaches  and  plums.    (See  page  453.) 

Leaf  spot  is  a  fungous  disease  in  which  the  leaves  become  thickly 
Leaf  SDOt  covered  with  reddish  or  brown  spots  and  fall  prematurely.  Badly 
affected  trees  winterkill.  Often  the  dead  spots  drop  out,  leaving 
dear-cut  holes.  The  trees  should  be  sprayed  with  lime-sulfur  i  to  50  (32®  Batun6)  or 
with  bordeaux  5-5-50.  The  addition  of  i  J  pounds  of  iron  sulfate  to  50  gallons  of  the 
diluted  lime-sulfur  solution  decreases  the  danger  of  burning,  increases  the  adhesiveness 
of  the  material,  and  affords  a  marker.  Usually  four  applications  should  be  made: 
the  first,  when  the  fruit  is  free  from  the  calyx;  the  second,  two  weeks  later;  the  third, 
immediately  after  picking;  the  fourth,  if  necessary,  three  weeks  later. 

Powdery  mildew  attacks  leaves  at  the  tips  of  the  growing  shoots. 

Powdery        and  is  often  serious  on  nursery  stock.    The  leaves  curl  and  show 

mildew  the  white  mealy  growth  of  the  fungus.    The  trees  should  be  dusted 

heavily  with  sulfur  or  sprayed  with  lime-sulfur  solution  i  to  50. 

CHRYSANTHEMUM 
Septoria  leaf  spot  is  a  fungous  disease.     Plants  should  be  sprayed 
Septoria         with  bordeaux  5-5-50  every  ten  days,  or  often  enough  to  protect 
leaf  Spot        new  foliage.    Ammoniacal  copper  carbonate  may  be  used,  but  it  is 
not  so  effective. 
Rust  For  rust  the  plants  should  be  treated  as  for  Septoria  leaf  spot. 

Care  should  be  taken  not  to  wet  the  foliage  when  watering. 

CUCUMBER,  MELON,  AND  SQUASH 

Dark  green  plant  lice  feed  on  the  undersides  of  the  leaves,  causing 

Aphid  them  to  curl  and  wither.    The  vines  should  be  sprayed  with  **  black 

leaf  40  "  tobacco    extract,  f  pint  in  100  gallons  of  water,  to  which 

4  or  5  pounds  of  soap  is  added.  The  application  may  be  repeated  if  necessary.       Spray- 
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ing  can  be  done  more  readily  and  with  less  material  if  the  vines  are  trained  to  run  in 
the  rows.  It  is  necessary  to  thoroughly  cover  the  undersides  of  the  leaves;  therefore 
the  sprayer  must  be  fitted  with  an  upturned  nozzle.  The  vines  should  be  burned  as 
soon  as  the  crop  is  harvested,  and  all  weeds  should  be  kept  down. 

The  rusty-black  adult  squash  stinkbug  emerges  from  hibernation 

Squash         in  the  spring  and  lays  its  eggs  on  the  undersides  of  the  leaves.    The 

stinkbug        nymphs  sudc  the  sap  from  the  leaves  and  stalks,  causing  serious 

injury.    The  adults  may  be  trapped  under  boards  in  the  spring. 

The  leaves  should  be  examined  for  the  smooth,  shining,  brownish  ^;gs  and  these  should 

be  destroyed.    The  young  nymphs  may  be  killed  with  "  black  leaf  40  "  tobacco  extract, 

as  recommended  for  the  aphis. 

Squash  vines  are  frequently  killed  by  a  white  caterpillar  which 

SQUash-vine     burrows  in  the  stem  near  the  base  of  the  plant.    The  stem  should 

borer  be  slit  and  the  borer  killed  with  the  knife.    A  few  early  squashes 

should  be  planted  between  the  rows  of  the  late  varieties,  as  a  trap 

crop.    As  soon  as  the  early  crop  is  harvested,  the  vines  should  be  removed  and  burned. 

When  the  vines  are  long  enough  they  should  be  covered  at  the  joints  with  earth,  in 

order  to  develop  secondary  root  systems  for  the  plant  in  case  the  main  stem  is  injured. 

The  yellow,  black-striped  cucumber  beetles  appear  in  numbers  and 

Striped  CUCUm*  attack  the  plants  as  soon  as  they  are  up.     Early  squashes  may  be 

ber  beetle       planted  as  a  trap  crop  around  the  field.    The  vines  should  be 

protected  with  screens  until  they  begin  to  run,  or  kept  covered 

with  bordeaux  mixture,  which  will  make  them  distasteful  to  the  beetles. 

(See  melon  diseases  under  Melon,  page  451 .) 

Downy  mildew,  the  most  serious  fungous  disease  of  the  cucumber, 

Downy  is  known  among  growers  as  Ae  blight.    The  leaves  become  mottled 

mildew         with  yellow,  show  dead  spots>  and  then  dry  up.    The  vines  should 

be  sprayed  with  bordeaux  5-5-50,   b^jinning  when  the  plants 

begin  to  run  and  repeating  the  application  every  ten  to  fourteen  days  throughout 

the  season. 

Wilt  is  a  disease  i 
Wilt  caused  by  bac- 

teria that  get 
into  the  sap  tubes  of  the  leaf  and 
the  stem  and  clog  and  destroy 
them,  causing  the  plant  to  wilt. 
The  bacteria  are  distributed  chiefly 
by  striped  cucumber  beetles.  The 
beetles  should  be  destroyed  or 
driven  away  by  thorough  spraying 
with  bordeaux  5-5-50.  All  wilted 
leaves  and  plants  should  be 
gathered  and  destroyed.  The  most 
that  can  be  expected  is  that  the 
loss  may  be  slightly  reduced. 

CURRANT 

In    the    spring 
Currant  WOnn  the  small,  green,  p,c.  2oS.-cZrant  worms 

(Fi«.  ao8)        black-spotted 

larvae  of  the  currant  worm  feed  on  the  foliage,  beginning  their  work 
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on  the  lower  leaves.  There  is  a  second  brood  in  early  summer.  When  the  worms  first 
appear,  the  bushes  should  be  sprayed  with  i  pound  of  paris  green  or  4  pounds  of 
anxsiate  of  lead  in  100  gallons  of  water.  Ordinarily  the  poison  should  be  combined 
with  bordeaux.  (See  Leaf  Spot.)  After  the  fruit  is  half  grown,  hellebore  should  be 
used. 

Cane  blight,  or  wilt,  is  very  destructive  in  the  Hudson  Valley. 
Cane  blighti     The  canes  die  suddenly  while  loaded  with  fruit  and  leaves,  ad  do 
or  wilt  those  attacked  by  the  cane  borer.  The  disease  is  caused  by  a  fungus 

that  kills  the  bark  in  places  and  discolors  the  wood.     No  definite 
line  of  treatment  has  been  established,  but  a  good  practice  is  to  examine  the  plantation 
three  or  fotu*  times  every  siunmer,  beginning  when  the  plants  are  small,  and  cut  out 
and  bum  all  canes  showing  signs  of  disease. 
Leaf  spot  and  anthracnose 
Leaf  spot  and   is  caused  by  two  or  three 
antiuracnose     different  fungi.    The  leaves 
(Fig.  209)         become  spotted,  turn  yel- 
low, and  fall  prematurely. 
The  disease  may  be  controlled  by  from  three 
to  five  sprayings  with  bordeaux  5-5-50.    An 
application  after  picking  is  completed  will  help 
to  retain  the  foliage.     On  the  first  appearance 
of  currant  worms,  the  hushes  should  be  sprayed 
with  bordeaux  and  paris  green,  i  pound  of  paris 
green   to   100  gallons  of  bordeaux,  or  with 
arsenate  of  lead,  4  pounds  to  100  gallons.     If 
a  second  brood  of  worms  appears  the  appli- 
cation should  be  repeated. 

DEWBERRY 
(For  insect  pests,  see  those  under  Raspberry,  page  460) 

GINSENG 

Altemaria  blight  is  the  most  destructive  and  common  disease  of 

Altemaria       cultivated  ginseng.     In  order  to  prevent  its  occurrence  the  sur- 

blight  face  of  the  soil  should  first  be  sprayed    thoroughly  with  copper 

(Fig.  2x0)         sulfate  solution,  i  pound  to  10  gallons,  early  in  the  spring  before 

the  plants  appear,  and  then  sprayed  with   bordeaux  3-3-50  as 

soon  as  the  plants  begin  to  br^  through  the  soil.    Spraying  should  be  done  re- 


FlG.  209. —  Currant  leaf  spot 


Fig.  210. —  Altemaria  Uizht  of  ginseng 
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peatedly  while  the  plants  are  coming  through  the  soil,  special  effort  being  made  to 
spray  the  stems,  since  it  is  on  these  that  the  disease  first  becomes  established  in  the 
spring.  The  plants  should  be  kept  thoroughly  covered  with  the  spray  throughout 
the  season.  The  seed  heads  should  be  sprayed  thoroughly  just  after  the  blossoms 
fall,  and  again  when  the  berries  are  two-thirds  grown,  in  order  to  prevent  blast  caused 
by  the  Altemaria  fungus.     Diseased  tops  shotdd  be  destroyed. 

Mildew  attacks  tops  shortly  after  they  come  up.    The  plants  should 

be  sprayed  early  with  bordeaux. 

Root  rots  are  caused  by  various  fimgi  and  are  favored  by  wet, 

soggy  soils.     The  soil  should  be  thoroughly  drained. 

Wilt  is  a  disease  caused  by  a  fungus  in  the  sap  tubes  of  the  root. 

It  may  be  checked  by  removing  the  wilted  plants  as  soon  as  they 

are  discovered. 

GOOSEBERRY 
The  fruit  and  leaves  of  gooseberry  bushes  attacked  by  powdery 
Powdery        mildew  are  covered  with  a  dirty  white  growth  of  fungus.     The 
mildew  disease  is  severe  on  European  varieties.     In  setting  a  new  plan- 

tation, a  site  shotdd  be  chosen  where  the  land  is  well  underdrained 
and  where  there  is  a  good  circulation  of  air.  Drooping  branches  should  be  cut  away. 
The  groimd  underneath  should  be  kept  free  from  weeds.  When  the  first  evidence 
of  mildew  appears,  the  bushes  should  be  sprayed  thoroughly  with  lime-sulfur  solution 
(32®  Baum6)  diluted  i  to  40,  and  the  spraying  should  be  repeated  as  often  as  necessary. 
From  one  to  five  applications  may  be  required. 

GRAPE 

The  small,  shining,  blue  flea  beetles  appear  in  early  spring  and  eat 
Flea  beetlei  or  into  the  opening  buds.     The  brown  larvae  feed  on  the  leaves  in 
steely  beetle     May  and  June.  •  When  the  beetles  appear,  they  should  be  hand- 
picked  into  a  pan  containing  a 
little  kerosene.    To  kill  the  larvae  on  the  leaves  from 
May  15  to  July  i,  i  pound  of  paris  green  or  4 
pounds  of  arsenate  of  lead  should  be  added   for 
every  100  gallons  of  bordeaux   (see  imder  Black 
rot)  and  the  bushes  shotild  be  sprayed  with  this 
mixture. 

The  small,  yellowish  leaf  hop- 
Leaf  hopper  pers,  erroneously  called  thripSt 
suck  the  sap  from  the  tmder- 
sides  of  the  leaves,  causing  them  to  turn  brown 
and  dry  up.  The  leaves  should  be  sprayed  very 
thoroughly  on  the  underside  with  "  black  leaf  40  '* 
tobacco  extract  —  1  pint  in  100  gallons  of  water,  to 
which  4  or  5  pounds  of  soap  is  added — about 
July  I,  to  kill  the  young  leaf  hoppers.  The  appli- 
cation should  be  repeated  in  a  week  or  ten  days. 

The  small,  white  grubs  of  the 

Rootwonn       rootworm   feed    on   the    roots, 

(Fig.  axx)         often  killing  the  vines  in  a  few 

years.    The   adtdts  are   small, 

grayish  brown   beetles,  which  eat  peculiar  chain- 

29 


Fig.  211. — Grape  roohoartn 


Digitized  by  VjOOQ IC 


450  Bulletin  283 

Hke  holes  in  the  leaves  during  Jtaly  and  August.  The  vines  should  be  cultivated 
thoroughly  in  June,  especially  dose  around  them  so  as  to  Idll  the  pupee  in  the  soiL 
The  vines  should  be  sprayed  thoroughly,  about  a  week  after  the  first  beetles  appear, 
with  arsenate  of  lead,  6  pounds  in  100  gallons  of  water  sweetened  with  2  gaUons  ol 
molasses.    The  application  should  be  repeated  in  a  week  or  ten  days. 

The  ungainly,  long-legged,  grayish  rose  chafers  are  found  in  sandy 
Rose  chafer     regions  and  often  swarm  into  vineyards  and  destroy  the  blossoms 

and  foliage.  The  vines  should  be  sprayed  thoroughly  with  arsenate 
of  lead,  8  pounds  in  100  gallons  of  water  sweetened  with  2  gallons  of  molasses.  The 
application  should  be  repeated  if  necessary. 

Black  rot  is  the  most  destructive  ftmgous  disease  of  grapes  in  this 
Black  rot        State.    It  is  carried  over  from  one  season  to  the  next  chiefly  in 

old  rotted  berries  or  mummy  fruits  that  fall  to  the  ground  or  ding 
to  the  vines.  All  mummies  that  cling  to  the  arms  at  trimming  time  should  be  removed. 
The  soil  should  be  plowed  early,  all  mummies  and  diseased  leaves  being  turned  under. 
All  refuse  should  be  raked  under  the  vine  into  the  last  furrow  and  covered  with  the 
grape  hoe.  This  work  cannot  be  done  too  thoroughly.  The  vines  should  be  sprayed 
four  times  with  bordeaux  mixture  4-4-50:  first,  when  the  shoots  are  ten  inches  long; 
second,  just  as  soon  as  the  blossoming  period  is  over;  third,  when  the  berries  are  the 
size  of  peas;  fourth,  from  two  to  three  weeks  later.  Infections  take  place  with  each 
rain  throughout  the  growing  season.  The  foliage  should  be  protected  by  a  coating 
of  the  spray  before  every  rain.  The  new  growth,  especially,  ^ould  be  well  sprayed. 
When  the  foliage  becomes  dense  the  clusters  should  be  sprayed  with  a  trailer,  or  hand- 
spraying  device.     (For  use  of  insectiddes  in  bordeaux,  see  under  Flea  beetle.) 

Downy  mildew  is  a  fungous  disease  most  evident  on  the  leaves, 
Downy  making  large  brown  spots  on  the  upper  surface  with  white  downy 

mfldew         growth  beneath.    It  also  attacks  the  green  fruit,  causing  what  is 

known  to.  growers  as  hard  white  berry,  Bordeaux  as  applied  for 
black  rot  will  control  this  disease.  In  very  rainy  seasons  an  additional  application 
may  be  necessary.  In  preparing  the  bordeaux  mixture  the  ferrocyanide  test  (page  467) 
should  be  used,  and  only  enough  milk  of  lime  should  be  added  to  neutralize  the 
copper  sulfate.    This  will  prevent  spotting  on  early-maturing  varieties. 

GREENHOUSE  INSECTS 

The  nymphs  of  the  white  fly  are  small,  greenish,  scale-like  insects 

White  fly        foimd  on  the  undersides  of  the  leaves;  the  adtdts  s^re  minute,  white, 

mealy,   winged   flies.    Plants  should  be  sprayed  with  whale-oil 

soap  or  tobacco  extracts;  or,  if  the  insects  are  infesting  cucumbers  or  tomatoes,  the 

greenhouse  should  be  fumigated  overnight  with  hydrocyanic  add  gas,  using  i  ounce 

of  potassium  cyanide  to  each  1000  cubic  feet  c^  space. 

Black  ailhid     ^^®  black  aphid  is  harder  to  kill  than  the  green  aphid,  but  may  be 
controlled  by  the  same  methods. 

Plants  infested  with  green  aphids  should  be  sprayed  with  tobacco 
Greeni^hid     extract  when  practicable,  or  ftunigated  with  one  of  the  tobacco 
preparations.    If  violets  are  infested,  the  house;  should  be  fumi- 
gated, using  from  i  to  }  ounce  of  potassitmi  cyanide  for  each  1000  cubic  feet  of  space, 
and  leaving  the  house  closed  for  from  one-half  to  one  hour. 

The  red  spider  may  be  controlled  by  syringing  off  the  plants  with 
Red  Snyder      dear  water  two  or  three  times  a  week,  care  being  taken  not  to 
drench  the  beds. 
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Violets  grown  under  glass  are  often  greatly  injured  by  a  very  small 
Violet  gallfly    maggot,  the  larva  of  the  violet  gallfly,  which  causes  the  edges  of  the 

leaves  to  curl,  turn  yellowish,  and  die.  The  advilt  is  a  minute  fly 
resembling  a  mosquito.  Infested  leaves  should  be  picked  off  and  destroyed  as  soon  as 
discovered.    Fumigation  is  not  advised  for  this  insect  or  for  red  spider. 

LETTUCE 

Drop,  or  rot,  is  a  fungous  disease  often  destructive  in  greenhouses, 

Dropi  or  rot     discovered  by  the  sudden  wilting  of  the  plants.     It  is  completely 

controlled  by  steam  sterilization  of  the  soil  to  the  depth  of  two 

inches  or  more.    If  it  is  not  feasible  to  sterilize  the  soil,  fresh  soil  should  be  used  for 

every  crop  of  lettuce.    The  surface  soil  should  be  kept  loose  and  dry.    When  the 

plants  shade  the  ground,  much  less  water  shovdd  be  used. 

MELON 
(For  insect  pests,  see  Cucumber,  Melon,  and  Squash,  page  446) 

Anthracnose  appears  as  a  spotting  of  leaves,  and  as  dark,  stmken 

AnfbracilOSe     pits  in  the  fruit  which  may  become  so  numerous  and  large  that  the 

fruit  decays.    Salmon-colored,  pasty  masses  may  be  seen  in  the 

older  spots.    These  consist  of  innumerable  spores  of  the  fungus,  which  are  readily 

disseminated  in  wet  weather.    Vines  should  be  sprayed  with  bordeaux  5-5-50  several 

times  in  the  course  of  the  growing  season. 

Downy  mildew  is  commonly  called  Uight  and  is  a  very  injuriovis 

Downy  disease.    The  leaves  show  angular,  dead,  brown  spots,  and  then 

mildew         dry  up  and  die;  the  fruit  often  fails  to  ripen  and  lacks  flavor.    The 

disease  is  caused  by  the  same  fungus  as  is  the  downy  mildew  of 

cucumbers.    No  effective  method  of  control  is  known.    While  bordeaux  has  proved 

effective  in  controlling  the  downy  mildew  on  cucumbers,  it  seems  to  be  of  little  value 

in  fighting  the  same  disease  on  melons. 

Witt  ^^  bacterial  disease  of  the  muskmelon  known  as  wilt  is  the  same 

as  the  wilt  of  cucumbers.    The  same  treatment  is  given. 

NURSERY  STOCK 
Fire  blight  of  nursery  stock  is  the  same  disease  as  that  described 
Fil6  blight      under  Apple  and  Pear.    It  affects  apples,  pears,  quinces,  and  haw- 
thorns.   Sources  of  infection,  such  as  old  infested  apple  and  pear 
trees,  should  be  cleaned  out.      Frequent  regular  inspections  of  stock  should  be 
made  during  the  growing  period,  and  all  infected  twigs  should  be  removed  and  destroyed. 
All  cut  surfaces  should  be  disinfected  with  corrosive  sublimate  solution. 

Leaf  spot,  known  also  as  yellow  leaf  and  as  shot  hole,  is  a  disease 
Leaf  Spot  causing  a  spotting,  yellowing,  and  dropping  of  cherry  leaves  and 
a  spotting  of  plum  leaves.  The  diseased  area  often  falls  out, 
giving  the  leaves  a  perforated  appearance  described  as  shol  hole.  Control  consists  in 
plowing  under  old  leaves  early  in  the  spring,  and  in  making  from  five  to  seven  applica- 
tions of  lime-sulfur  solution  (32®  Baum^)  diluted  i  gallon  to  50  gallons  of  water.  (See 
Cherry  leaf  spot.) 

Plant  lice  on  nursexy  stock  may  be  controlled  by  dipping  the  tips 
PhUlt  lice       of  the  plants  in  whale-oil  soap,  i  pound  in  5  gallons  of  water,  or  in 
one  of  the  tobacco  extracts. 
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Niirsery  stock  which  has  been  grown  in  nurseries  infested  with  San 

San  Jos6  scale  Jos6  scale  should  be  fumigated  with  hydrocyanic  add  gas  after  the 

trees  are  dug,  using  i  ounce  of  potassium  cyanide  for  every  100  cubic 

feet  of  space.    The  fumigation  should  be  continued  for  from  one-half 

to  three-quarters  of  an  hour.    The  trees  should  not  be  fumigated  when  they  are  wet, 

since  the  presence  of  moisture  renders  them  liable  to  injury. 


OATS 

The  commonest  and  most  destructive  disease  of  oats  is  smut, 

Smut  carried  over  from  one  season  to  the  next  by  the  fungus  spores  on 

(Fig.  2x2)        the  seed.    It  may  be  entirely  prevented  by 

treating  the  seed  oats,  before  planting,  with 
a  solution  of  formalin,  i  pint  to  45  or  50  gallons  of  water. 
The  oats  are  placed  on  a  dean  floor  and  the  formalin  is 
sprinkled  on  them  as  they  are  shovded  over,  using  one  gallon  of 
the  solution  to  a  bushel  of  oats.  The  oats  should  be  mixed 
thoroughly,  then  shovded  into  a  pile  and  covered  with 
blankets  or  canvas.  After  standing  in  the  pile  for  from  two 
to  four  hours,  the  oats,  if  they  are  to  be  drilled,  should  be 
spread  out  to  dry;  or  they  may  be  sown  by  hand  without 
drying.  One  extra  peck  of  seed  for  each  bushel  used  should 
be  allowed  for  swdling  of  the  grain.  Treatment  once  in  three 
years  is  usually  sufficient  to  prevent  material  loss  from  smut. 

ONION 

For  control  of  the  onion  maggot,  see  carbolic- 
Onion  maggot  add-emulsion  treatment  imder  Cabbage  root- 
maggot. 

Onion  tops  frequently  turn  white  and  die  as 
Onion  tliripS     the  residt  of  the  feeding  pimctures  caused  by 

the  minute  yellowish  onion  thrips.  The 
injury  is  known  as  white  blast.  The  plants  shotdd  be  sprayed 
thoroughly  with  whale-oil  soap,  i  pound  in  4  gallons  of  water, 
or  with  "black  leaf  40 *'  tobacco  extract,  i  pint  in  100  gallons  of 
water  to  which  4  or  5  pounds  of  soap  is  added. 

Onion  mildew,  or  blight  as  it  is  commonly 
Mildew         called,   is  a  fungous  disease  much  like  the 

blight  of  potatoes.  The  plants  should  be  sprayed  with  bordeaux 
5-5-50,  beginning  when  they  show  three  leaves  and  repeating  every  ten  days  until 
the  crop  is  harvested.  One  gallon  of  sticker  (see  page  469)  should  be  added  to  every  50 
gallons  of  the  mixture.    It  is  usdess  to  begin  spraying  after  the  disease  appears. 

Smut  can  be  detected  by  the  black  pustviles  on  leaves  and  bulbs. 
Smut  It  is  harmful  only  where  onions  are  grown  extensivdy.     It  may 

attack  the  seedlings,  killing  them  outright,  or  may  appear  on  matture 
bulbs  in  the  fall.  Onions  from  sets  or  those  started  in  clean  soU  and  transplanted 
are  not  affected.  Crop  rotation  should  be  practiced.  When  planting  seed,  100  povmds 
of  sulfur  and  50  pounds  of  air-  laked  lime  mixed,  per  acre,  should  be  drilled  into  the 
rows;  or  the  seed  should  be  sprinkled,  as  it  lies  in  the  row  before  covering,  with 
a  solution  of  formaldehyde,  i  pint  to  30  gallons  of  water.  This  may  be  applied  with 
a  drip  attachment  to  the  drill,  or  with  a  sprinkling  can. 


Pig.  212. —  Oat  smut 
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PEACH 

The  adtalt  peach  borer  is  a  clearwing  moth.     The  larva  burrows 

Peach  borer     just  under  the  bark  near  or  beneath  the  surface  of  the  ground;  its 

(Fig.  2x3)         presence  is  indicated  by  a  gummy  mass  at  the  base  of  the  tree. 

The  borers  shovild  be  dug  out  in  June  and  the  trees  mounded  up. 

At  the  same  time  gas  tar  or  coal  tar  should  be  applied  to  the  trunk  from  the  roots  up 

to  a  foot  or  more  above  the  surface  of  the  grotmd. 

Plum  CUrculio — See  under  Plum. 
San  Jos6  scale  — See  under  Apple. 


Fig.  213. — Peach  borer 


Fig.  214. —  Mummies  on  peach  Iree^ 
the  result  0}  brown  rot 


Brown  rot       Brown  rot  is  a  serious  fungous  disease  of  stone  fruits,  and  one  of 
(Fig.  214)  the  most  difficult  to  control.    The  trees  should  be  pruned  so  as 

to  let  in  simlight  and  air,  and  the  fruit  shotild  be  well  thinned. 
The  trees  should  be  sprayed  with  self -boiled  lime-sulfur  8-8-50  (see  page  468),  to  which 
2  pounds  of  arsenate  of  lead  to  50  gallons  of  the  liquid  is  added.  The  first  spraying 
should  be  done  about  the  time  when  the  shucks  are  dropping  from  the  yoimg  fruit; 
the  second,  from  two  to  three  weeks  after  the  first,  using  the  same  combinations  as 
for  the  first;  the  third,  about  one  month  before  the  fruit  ripens,  with  self -boiled  lime- 
svdfur  8-8-50,  omitting  the  arsenate  of  lead. 

Black  spot,  or  scab,  often  proves  injurious  in  wet  seasons,  and 

Black  spot,      particularly  in  damp  or  sheltered  situations.    While  this  disease 

or  scab  attacks  twigs  and  leaves  also,  it  is  most  conspicuous  and  injurious 

(Fig.  2x5)  on  the  fruit,  where  it  appears  as  dark  spots  or  blotches.    In  severe 

infestations  the  fruit  cracks.     In  the  treatment  of  this  disease  it  is 

of  prime  importance  to  secure  a  free  circulation  of  air  about  the  fruit.     This  may  be 

accomplished  by  avoiding  low  sites,  by  pruning,  and  by  removal  of  windbreaks.     The 

trees  should  be  sprayed  with  self -boiled  lime-sulfur  8-8-50,  applied  at  the  same  time 

as  for  brown  rot. 
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Leaf  curl  is  a  fungous  disease  in  which  the  leaves  become  colored, 
Leaf  CUlI        swollen,  and  distorted  in  spring,  and  drop  in  June  and  July.  Elberta 

is  an  especially  susceptible  vari- 
ety. The  disea.se  is  easily  and  completely  con- 
trolled by  spraying  the  trees  once,  before  the  buds 
swell,  with  bordeaux  5-5-50,  or  with  the  lime-sul- 
fur solutions  used  for  San  Jos6  scale  (see  under 
Insecticides,  page  464). 

Mildew    is  a  white,   powdery 
Mildew         growth   on   young  leaves   and 

tips  of  shoots,  often  spotting 
fruit.  Trees  should  be  sprayed  with  self-boiled 
lime-stdfur  or  dusted  with  sulfur. 

Yellows  is  a  so-called  physio- 
YelloWS         logical    disease.     Its  cause    is 

unknown.  It  is  contagious,  and 
IS  serious  in  some  localities.  It  is  known  by  the 
premature  ripening  of  the  fruit,  by  red  streaks 
and  spots  in  the  fruit  flesh,  and  by  the  peculiar  clusters  of  sickly,  yellowish  shoots 
that  appear  on  the  limbs  here  and  there.  Eradication  is  the  only  means  of  con- 
trol.   Diseased  trees  should  be  dug  out  jand  btuned  as  soon  as  discovered. 

PEAR 
Codling  moth  —  See  under  Apfde. 

The  false  tarnished  plant  bugs  are  small,  green,  sucking  insects, 
False  tarnished  which  puncture  the  newly  set  pears  causing  them  to  become  knotty 
plant  bug       (Pig.  216)  and  rendering  them  gritty.      The 
trees  should  be   sprayed    thoroughly   with 
"black  leaf  40  "  tobacco  extract  —  J  pint  in   100  gallons  of 
water,  to  which  4  or  5  pounds  of  soap  is  added  —  just  as  the 
last  of  the  petals  are  falling.    The  application  should  be  re- 
peated a  few  days  later. 


Fig.  215. —  Black  spot  on  peach 


Leaf  blister- 
mite 


See  imder  Apple.     On  pears  lime-sulfur  has 
also  been  foimd  effective. 


Fig.  216. — Pear  in- 
jured by  the  false 
tarnished  plant  bug 


Pear  psyllas  are  minute,  yellowish,  flat-bodied, 
Pear  psylla  sucking  insects,  which  are  often  found  work- 
ing in  the  axils  of  the  leaves  and  in  the  fruit 
early  in  the  season.  They  develop  into  minute,  dcada-like, 
jumping  lice.  The  young  psyllas  secrete  a  large  quantity 
of  honeydew,  in  which  a  peculiar  black  fungus  grows,  giving  the  bark  a  char- 
acteristic sooty  appearance.  There  may  be  four  broods  annually  and  the  trees 
are  often  seriously  injured.  The  trees  should  be  sprayed  for  the  adult  psyllas, 
in  a  warm  spell  in  December  or  March,  with  "  black  leaf  40  **  tobacco  extract, 
1  pint  to  100  gallons  of  water  with  5  poimds  of  whale-oil  soap  added.  The 
trees  should  be  sprayed  for  the  ^gs,  just  before  the  blossom  clusters  open,  with 
lime-sulfur  at  scale  strength.  They  should  be  sprayed  for  the  young  ps>'llas, 
after  the  blossoms  fall,  with  '*  black  leaf  40  **  tobacco  extract,  }  pint  to  100 
gallons  of  water  with  5  pounds  of  soap  added.  The  application  may  be  repeated 
if  necessary.. 
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Fig.  217. —  Pear  slugs  skeletonizing  a  leaf 


The  small,  slimy,  dark  green  pear  slugs  skeletonize  the  leaves  in 
Pear  slug  June.  A  second  brood  appears  in  August.  The  trees  should  be 
(Fig.  217)         sprayed 

thorough- 
ly with  4  potmds  of  arsenate 
of    lead    in   100    gallons  of 
water. 
San  Jos6  scale— See  under 

Apple. 

The     fire 
Fire  blight     blight  of 

pears  is 
the  same  disease  as  the  fire 
blight  of  apples,  but  it  is 
more  destructive  to  pears. 
It  lolls  the  twigs  and  the 
branches,  on  which  the  leaves 
suddenly  blacken  and  die  but  do  not  fall.  It  also  produces  cankers  on  the  tnmk  and 
large  limbs.  Blighted  branches  should  be  pruned  out  as  soon  as  discovered,  cutting 
fnxn  6  to  8  inches  below  the  lowest  evidences  of  the 
disease,  and  disinfecting  with  corrosive  sublimate  solution 
I  to  1000.  Limb  and  body  cankers  should  be  cleaned 
out  as  described  for  fire  blight  on  apple  trees.  All  large 
wounds  should  be  disinfected  and  covered  with  a  coat 
of  paint  or  gas  tar. 

Scab  is  a  ftmgous  disease  very  similar 

Scab  to  apple  scab,  but  not  the  same.     It 

(Fig.  2x8)  is  very  destructive  to  some  varieties 

of  pears,  as,  for  example,  Flemish  and 
Seckel.  The  trees  should  be  sprayed  three  times  with 
bordeaux  3-3-50,  as  for  apple  scab  (page  442). 

PLUM 

The  adult  plum  curculio  is  a  small 

Plum  snout-beetle,   which   inserts    its    eggs 

curculio         under  the  skin  of  the  fruit  and  then 

(Fig.  219)  makes  a  characteristic  crescent-shaped 

cut  beneath  it.  The  grub  feeds  within  tho  fruit  and  causes  it  to 
drop.  When  full-grown  the  grub  enters  the  ground,  changing  in  late  summer  to  the 
beetle,  which  finally  goes  into  hibernation  in  sheltered 
places.  Trees  shotild  be  sprayed  just  after  the  blossoms 
fall  with  arsenate  of  lead,  from  6  to  8  pounds  in  100  gal- 
lons of  water,  the  application  being  repeated  in  about  a 
week. 

Black   knot   of    pltuns    is   the   same 

Black  knot      disease  as  black  knot  of  cherries  and  is 

controlled  in  the  same  way  (page  446). 

Brown  rot       Brown    rot   of   plums    is    the    same 

(Fig.  220)         disease  as  brown  rot  of  peaches  and  should  be  treated  in  the 

same  way  (page  453). 


Fig.  218. —  Pear  scab 


Fig.  219. — Beetle  of  plum 
curculio.     Enlarged 
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Leaf  spot  of  plums  is  the  same  as  leaf  spot  of  cherries  and  may 

Leaf  spot        be  controlled  by  two  or  three  applications  of  self -boiled  lime-stilfur, 

or,  except  in  the  case  of  Japanese 

varieties,  which  are  somewhat  resistant  to  the  (Hsease, 

of  lime-sulfur  solution  diluted  i  to  50.  The  first  appli- 
cation should  be  made  about  ten  days  after  the  blos- 
soms fall,  and  the  others  at  intervals  of  about  three 

weeks. 

POTATO 
The  yellow-striped  Colorado  potato 
Colorado        beetle  emerges  from  hibernation   in 
potato  beetle    the  spring  and  lays  masses  of  orange- 
colored    eggs  on   the  imdersides  of 

the  leaves.    The  larvae  are  known  as  slugs  and  soft-shells.  Fig.  220. —  Brown  rot  on  plum 

and  cause  most  of  the  injury  to  the  vines.    They  may 

be  killed  by  spraying  with  paris  green,  i  potmd  in  100  gallons  of  bordeaux  mixture. 

It  may  sometimes  be  necessary  to  use  a  greater  strength  of  the  poison,  particularly 

on  the  older  slugs. 

The  small  black  flea  beetles  riddle  the  leaves  with  small  holes  and 

Flea  beetle      cause  them  to  die.    Bordeaux  mixture  as  applied  for  potato  blight 

protects  the  plants  by  making  them  distasteful  to  these  beetles. 

(See  imder  LaU  blight.) 

Black  1^  is  a  bacterial 

Black  leg        disease  affecting  the  vine 

and  sometimes  causing  a 

dark-colored  decay  of  the  tuber.    The  stems 

become   black  and  shnmken  at    the  base, 

causing  the  vine  to  have  an  unhealthy  yel- 
lowish appearance.     Diseased  plants  should 

be  eliminated  from  the  field;  no  diseased, 

bruised,  cracked,  nor  decayed  tubers  should 

be  used  for  planting;  and  the  seed  should  be 

treated  with  corrosive  sublimate  or  formal- 
dehyde. 

Scab  is  caused  by  a  fun- 
Common  scab   gus  that  attacks  the  sur- 
face of  the  tubers.     It  is 

carried  over  on  diseased  tubers  and  in  the 

soil.    Tubers  should  be  treated  before  cut- 
ting by  soaking  in  formalin  solution,  i  pint 

to  30  gallons  of  water,    for  two    hours,   or 

in  corrosive  sublimate,  i  oimce  to  7i  gallons 

of  water,  for  one  and  one-half  hours.    They 

should  be  planted  in  clean  soil.    In  general, 

when  land  becomes  badly  infested  with  scab 

it  is  best  to  plant  it  with  other  crops  for 

several  years.     The  application  of  lime  or 

wood  ashes  to  potato  soil  should  be  avoided. 

Early  blight  is  a  fungous  „..,.,. 

Early  blight     disease,  showing  as  a  leaf  F^^'  ^^l-  Early  bltght  of  potato 

(Fig.  221)        spot,  which  may  be  so  severe  as  to  cause  vines  to  die.    AflEected 


Digitized  by  VjOOQ IC 


The  Control  of  Insect  Pests  and  Plant  Diseases 


457 


vines  produce  small  tubers  and  consequent  low  yield.    Vines  should  be  sprayed  with 
bordeaux  5-5"50- 


Fig.  222. —  Potato  leaves  affected  by  the  late  blight.     {Photograph  by 
New  York  Agr,  Exp.  Sta.,  Geneva) 

Late  blight  is  a  fungous  disease  showing  as  a  leaf  blight  and  as 

Late  blight      a  dry  rot  of  tubers.     Sometimes  the  tuber  rot  does  not  show  tmtil 

(Figs.  222-223)     after  storage.    The  late  blight  is  often  confused  with  tipbum, 

arsenical  injury,  or  flea-beetle  injury.     The  plants  should  be  sprayed 

from  five  to  eight  times  with  bordeaux  5-5-50,  b^;inning  when  the  vines  are  six  inches 
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high  and  oontinuing  throughout  the  growing  season.    Late  spraying  on  late  varieties 
is  especially  necessary. 

Fusarium  dry  rot  is  a  storage  dry  rot,  in  which  the  decay  extends 

Fusarium  dry  to  the  center  of  the  tuber,  the  affected  area  at  the  surface  having 

rot  a  wrinkled,  sunken  appearance,  often  with  numerous  white  tufts 

(Fig.  224)         of  mold  breaking  through.    Selecting  clean  tubers  for  planting, 

seed  treatment,  and  care  in  handling  the  crop,  will  reduce  the 

amount  of  this  rot. 


Pig.  223. —  Cross  section  of  a  potato  tuber  Fig.  224.- 

affected  by  blight  rot 


■  Fusarium  dry  rot  of  potato 
tuber 


Physiological  vine  diseases,  such  as  curly  dwarf,  leaf  roll,  and 

Physiological    mosaic,  cause  great  reduction  in  yield.    The  name  is  descriptive  of 

vine  diseases    each  of  these.    The  diseases  are  transmitted  by  means  of  seed 

tubers.    Selection  of  healthy  vines  in  the  field  is  the  only  known 

method  of  eradication. 


Fig.  225. —  Powdery  scab  on  potato  tuber        Fig.   226. —  Sderotia  of  Rhisoctonia  on 

potato  tulir 

Powdery  scab,  recently  discovered  as  occurring  in  this  State,  is  a 

Powdery  scab   slime  mold  disease  affecting  the  tubers.     It  appears  first  as  small, 

(Fig.  225 )        discolored  pimples,  which  enlarge  and    break  through  the  skin, 
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forming  pusttiles  filled  with  brown  powder,  the  spores  of  the  organism.  The  infected 
areas  are  quarantined.  No  tubers  from  infected  fields  should  be  planted.  A  wide 
rotation  of  crops  and  seed  treatment  aid  in  control. 

Rhizoctoniose  is  a  ftmgous  disease  showing  as  numerous  black 

Rhizoctoniose   bodies  of  various  sizes  on  the  surface  of  tubers,  and  as  reddish 

(FSgs.  226-337)     brown    cankers    on    young 

sprouts,  which  often  die. 
The  disease  is  said  to  bring  about  also  a 
rosetting  of  the  vines  and  the  production  of 
many  small  tubers  near  the  surface  of  the  soil. 
Crops  should  be  rotated  and  seed  tubers  should 
be  treated  with  corrosive  sublimate. 

Tipbum  is  a   dying   and   blackening 
Tipbum         of  the  tips  and  the  margins  of  leaves, 

caused  by  hot,  dry  weather  following 
favorable  conditions  for  growth.  Grood  cultiural  practices, 
combined  with  thorough  spraying  as  for  late  blight,  will 
materially  reduce  the  amount  of  injury. 

Wilt   is  a  disease  produced  by  either 
Wilt  of  two  fungi  which   cause  a  wilting 

and  dying  of  the  lower  leaves  and  a 
discoloration  of  the  sap  vessels  of  vine  and  tuber.  This  ■ 
shows  in  the  tuber  as  a  dark  ring  on  the  surface  of  a 
slice  across  the  stem  end.  Diseased  tubers  should  be 
rejected  and  crop  rotation  should  be  practiced.  Much 
progress  can  be  made  by  field  selection. 

PRUNE 
(For  insect  pests,  see  Plum) 

QUINCE 

The  quince  curculio  is  somewhat  larger 
Quince  than  that  which  infests  the  plum,  and 

curculio         differs  from  it  in  its  life  history.     The 

grubs  leave  the  fruits  in  the  fall  and 
enter  the  ground,  where  they  hibernate  and  transform 
to  adults  the  next  May,  June,  or  July,  depending  on  the 
season.  When  the  adtilts  appear  they  may  be  shaken 
from  the  trees  onto  sheets  or  curculio  catchers,  anei 
destroyed.  In  order  to  determine  when  they  appear,  n 
few   trees   may   be   shaken  daily,  beginning  the  latter 

part  of  May.  Good  results  are  sometimes  obtained  in  ^'^oul'^'r^To'^  "" 
reducing  the  amount  of  infestation  by  picking  off  and 

destroying  all  infested  fruit  about  a  month  before  picking  time,  thus  leaving  on  the 
trees  only  first-  and  second-class  quinces. 

Round-headed  apple-tree  borer —-See  tmder  Apple. 

San  Josf  scale  — See  under  AppU. 
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Fig.  228. —  FruU  spot  on  quince 


Fire  blight  of  quinces  is  the  same  disease  as  fire  blight  of  pears 

Fire  blight      (page  455).    Affected  branches  should  be  cut  out  and  the  wounds 

disinfected     with     corrosive 

sublimate.      Sources    of    infection    should    be 

cleaned  up. 

Leaf    and    fruit    spot    is    a 

Leaf  and  fruit  fungous    disease    producing 

Spot  rotmd,  reddish  brown  spots 

(Fig.  228)  on  the  leaves  and  fruit.    The 

trees  should  be  sprayed  three 

times  with  bordeaux,  as  for  apple  and  pear  scab. 

RASPBERRY 

The  larva  of  the  cane  borer  is 

Cane  borer      a  grub  that  burrows  down 

through  the   canes,   causing 

them   to  die.     In   laying   her  eggs,   the  adult 

beetle  girdles  the  tip  of  the  cane 

with  a  ring  of  pimctures,  causing 

it  to  wither  and  droop.     In  midsvunmer  the  drooping  tips  should  be 
cut  off  and  destroyed. 

The  greenish,  spiny  larvae  of  the  sawfly  feed  on  the 
Sawfly  tender   leaves   in  spring.     The  bushes  should  be 

sprayed  with  paris  green  or  arsenate  of  lead,  or 
hellebore  should  be  applied. 

Anthracnose  is    very  destructive   to   black   rasp- 
Anthracnose     berries  and  to  the  purple  variety  Columbian,  but 
(Fig.  229)  is  not   often   injurious   to   the   red   varieties.     It 

is  detected  by  the  circular  or  elliptical,  gray,  scab- 
like spots  on  the  canes.  Yoimg  plants  should  not  be  taken  from 
diseased  plantations.  All  old  canes  and  badly  diseased  new  ones 
should  be  removed  as  soon  as  the  fruit  is  gathered.  Weeds  should 
be  kept  down.  Spraying  with  bordeaux  4-4-50  will  control  the  disease. 
The  first  application  should  be  made  when  the  new  canes  are  from  six 
to  eight  inches  high,  and  should  be  followed  with  two  additional 
applications  at  intervals  of  from  ten  to  fourteen  days. 

Cane  blight,  or  wilt,  is  a  destructive  disease  affect- 
Cane  blight,     ing  both  red  and  black  varieties.     Fruiting  canes 
or  wilt  suddenly  wilt  and  die.     The  disease  is  caused  by 

a  fungus  that  attacks  the  cane  at  some  point  and 
kills  the  bark  and  the  wood,  thereby  causing  the  parts  above  to  die. 
No  successful  method  of  treatment  is  known.  In  making  new 
settings  only  plants  from  healthy  plantations  should  be  used.  The 
fruiting  canes  should  be  removed  as  soon  as  the  fruit  is  gathered. 

Crown    gall,    or  root  knot,   is  often  destructive, 

Crown  gall)  or  paiticularly  to  the    red  varieties.     It  is  detected 

root  knot        by  the  large,  irregular  knots  on  the  roots  and  at 

Fir  55Q ^^^  crown  undergroimd.     It  is  a  contagious  disease. 

Raspberry      -P^flw/5  shewing  root  knots  should  never  be  set.    Planting  on  infested 
anthracnose     land  should  be  avoided.     The  same  disease  occurs  on  peaches. 
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Red  rust  is  often  serious  on  black  varieties,  but  does  not  affect 
Red  rust        red  ones.     It  is  the  same  as  red  rust  of  blackberry.     Infected 
plants  should  be  dug  up  and  destroyed. 


ROSE 
Aphid  and       The  green  aphids,  01  plant  lice,  usually  work  on  buds,  and  the 
leaf  hopper      yellow  leaf  hoppers  feed  on  the  leaves.    The  bushes  should  be 
(Fig.  230)         sprayed,  whenever  necessary,  with 
"black  leaf  40*'  tobacco  extract, 
I  ounce  to  6J  gallons  of  water  in  which  J  pound  of 
ordinary  laundry  soap  has  been  diisolved. 

Rose  chafer— See  under  Grape, 

Rose  dug  — See  Pear  slug. 

Black  leaf  spot  is  one  of  the  com- 
Black  leaf  spot  monest  diseases  cf  the  rose.     It 

causes  the  leaves  to  fall  pre- 
maturely. The  bushes  should  be  sprayed  with 
bordeaux  5-5-50,  beginning  as  soon  as  the  first  spots 
appear  on  the  leaves.  Two  or  three  applications 
at  intervals  of  ten  days  will  very  largely  control 
the  disease.  Ammoniacal  copper  carbonate  may  be 
used  on  roses  grown  under  glass.  Applications 
should  be  made  once  a  week  until  the  disease  is 
under  control. 

Mildew  is  a  surface-feeding  fun- 
Mildew         gus  and  is  killed  by  the  fvmies  of 

sulfur.  For  greenhouse  roses,  the 
steam  pipes  should  be  kept  painted  with  a  paste 
made  of  equal  parts  of  lime  and  sulfur  mixed  with 

water.  Outdoor  roses  that  become  infested  with  mildew  may  be  dusted  with  sulfur 
or  sprayed  with  a  solution  of  potassium  sulfide,  i  oimce  to  3  gallons  of  water.  The 
plants  should  be  sprayed  or  dusted  with  the  sulfur  two 
or  three  times,  at  intervals  of  a  week  or  ten  days. 

SQUASH 
(See  Cucumber,  Melon,  and  Squash,  page  446) 


Pig.  230.- 


Rose  aphids,  or  plant 
lice 


STRAWBERRY 

The  large,  curved,  white  grubs  that 

White  grub      attack    the    roots    of    strawberry 

(Fig*  231)         plants  are  the  larvae  of  the  common 

June    beetles.     They  live  in    the 

ground,  feeding   on  the  roots  of  grasses,  weeds,  and 

the  like.    They  should  be  dug  out  from  beneath  infested  plants.    Cultivation  in  early 

fall  of  land  intended  for  planting  will  destroy  many  of  the  pupae. 

Leaf  spot  is  the  commonest  and  most  serious  fungous  disease  of  the 

Leaf  spot        strawberry.     It  is  called  also  rust  and  leaf  blight.    The  leaves  show 

spots  which  are  at  first  of  a  deep  purple  color,  but  later  enlarge 


Fig.  231.—  White  gnib 
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and  the  center  becomes  gray  or  nearly  white.  The  fungus  passes  the  winter  in  the  old 
diseased  leaves  that  fall  to  the  ground.  In  setting  new  plantations,  all  diseased  leaves 
should  be  removed  from  the  plants  before  they  are  taken  to  the  field.  Soon  after  growth 
begins,  the  newly  set  plants  should  be  sprayed  with  bordeaux  5-5-50.  Three  or  four 
additional  applications  should  be  made  during  the  season.  The  following  spring,  the 
spray  should  be  applied  just  before  blossoming  and  again  from  ten  to  fourteen  days  later. 
If  the  bed  is  to  be  fruited  a  second  time,  the  plants  should  be  mowed  down  and  the  beds 
burned  over  as  soon  as  the  fruit  is  gathered. 

TOMATO 

Blossom  end  rot  is  a  sunken  dry  rot  becoming  black  at  the  blossom 

Blossom  end    end  of  the  fruit.     It  is  not  a  parasitic  disease.     It  may  be  brought 

rot  on  by  a  sudden  check  in  the  water  supply  and  also  by  continued 

successive  waterings.     It  may  be  somewhat  reduced  by  avoiding  heavy  applications 

of  stable  manure,  and  by  practicing  good  cultural  methods  in  order  to  conserve  moisture 

and  afford  a  more  uniform  supply  to  the  plants  throughout  the  season. 

Leaf  spot  is  the  most  destructive  foliage  disease  of  the  tomato  in 
Leaf  Spot  the  State.  It  is  a  fungous  disease,  and  its  distinguishing  character 
is  that  'it  begins  on  the  lower  leaves  and  works  toward  the  top, 
killing  the  foliage  as  it  goes.  It  is  controlled  with  difficulty  because  it  is  carried  over 
winter  in  the  diseased  leaves  and  tops  that  fall  to  the  groimd.  When  setting  out  plants, 
all  the  lower  leaves  that  touch  the  ground  should  be  pinched  off;  also  any  leaves  that 
show  suspicious-looking  dead  spots.  The  disease  often  starts  in  the  seed  bed.  The 
plants  should  be  sprayed  very  thoroughly  on  the  imdersides  of  the  leaves  with  bordeaux 
5-5-50,  beginning  as  soon  as  they  are  set  out  and  repeating  the  application  every  week 
or  ten  days. 

TURNIP 
Cluhroot        Clubroot  is  the  same  disease  as  the  clubroot  of  cabbage.    The  same 
treatment  is  effective. 

Soft  rot  is  a  bacterial  disease,  the  same  as  soft  rot  of  cabbage. 
Soft  rot         Planting  should  be  on  soils  free  from  the  disease,  and  varieties 
especially  susceptible  should  not  be  used.    The  white  turnip  seems 
to  be  more  susc^tible  than  the  yellow  varieties. 

WHEAT 

Loose  smut  is  conspicuous  in  the  field  at  heading  time.  Both  grain 
Loose  smut     and  chaff  are  attacked  and  transformed  into  a  loose  black  powder, 

most  of  which  is  blown  away  by  harvest  time,  leaving  the  stalk 
bare.  The  disease  is  common  and  destructive;  in  1907  the  average  loss  in  New  York 
was  at  least  10  per  cent.  This  smut  is  not  controlled  by  treatment  with  formaldehyde 
or  other  chemicals,  but  should  be  prevented  by  treating  the  seed  with  hot  water  as 
explained  on  page  469-  Seed  from  fields  known  to  have  been  free  from  smut  should  be 
used. 

Stinking  smut  is  not  readily  detected  until  harvest  time.  The 
Stinking  smut  affected  heads  appear  nearly  normal,  only  the  kernels  being  attacked. 

The  diseased  kernels  are  composed  of  a  brown,  foul-smelling  powder. 
They  may  be  crushed  easily  between  the  thumb  and  the  finger.  The  disease  may  be 
readily  controlled  by  treating  the  seeds  with  formaldehyde  solution  —  i  pint  to  45 
gallons  of  water  —  immersing  them  in  the  solution  long  enough  to  skim  off  the  smutted 
kernels,  which  rise  to  the  surface,  and  then  spreading  them  out  and  diying  them. 
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SPRAT  MATERIALS 

INSECTICIDES 
Arsenate  of  lead  can  be  applied  in  a  stronger  mixture  without 
Arsenate        injuring  the  foliage  than  can  other  arsenical  poisons.     It  is  there- 
of lead  fore  much  used  against  beetles  and  other  insects  that  are  hard 
to  poison.    It  is  bought  in  the  form  of  a  paste  or  a  powder.    The 
paste  should  be  mixed  thoroughly  with  a  small  amount  of  water  before  placing  in 
the  sprayer;  otherwise  the  nozzles  will  clog.    The  powder  may  be  applied  dry  or  mixed 
with  water.    Arsenate  of  lead  may  be  safely  used  with  bordeaux  or  lime-sulfur.     It  is 
used  in  strengths  varying  from  4  to  10  pounds  per  100  gallons,  depending  on  the  kind 
of  insect  to  be  killed. 

Paris  green  is  used  in  varying  strengths,  depending  on  the  insect 
Paris  green  to  be  controlled  and  the  kind  of  plant  treated.  The  powder 
is  mixed  into  a  paste  and  then  added  to  the  water.  The  mixture 
should  be  kept  thoroughly  agitated  while  spraying.  If  for  use  on  fruit  trees,  i  pound 
of  quicklime  should  be  added  for  every  pound  of  paris  green,  to  prevent  burning  the 
foliage.  For  potatoes  paris  green  is  frequently  used  alone,  but  it  is  much  safer 
to  add  the  lime.  Paris  green  and  bordeaux  mixtiu'e  may  be  combined  without  lessening 
the  value  of  either,  and  the  caustic  action  of  the  arsenic  is  thus  prevented;  but  it  is 
unsaie  to  use  paris  green  with  lime-sulfur. 

For  wet  application  fresh  white  hellebore  should  be  used,  4  ounces 
Hellebore       to  2  or  3  gallons, of  water.    For  dry  application.!  pound  of  helle- 
bore to  5  pounds  of  flour  or   air-slaked  lime   should    be    used. 
Hellebore  is  a  yellowish  white  powder  madp  from  the  roots  of  the  white  hellebore 
plant.    It  loses  its  strength  after  a  time  and  should  be  used  fresh.    It  is  employed 
as  a  substitute  for  the  arsenical  poisons  on  plants  or  fruits  soon  to  be  eaten. 

Kerosene  emulsion  is  composed  of  J  pound  of  hard,  soft,  or  whale-oil 

Kerosene        soap,  i  gallon  of  water,  and  2  gallons  of  kerosene.    The  soap  is 

emulsion        dissolved  in  hot  water;  this  is  then  removed  from  the  fire,  and 

while  it  is  still  hot  the  kerosene  is  added.    The  liquid  shotdd  be 

ptunped  back  into  itself  for  five  or  ten  minutes  or  until  it  becomes  a  creamy  mass. 

If  properly  made  the  oil  will  not  separate  on  cooling 

For  use  on  dormant  trees,  the  emulsion  should  be  diluted  with  from  5  to  7  parts 

of  water;  for  killing  plant  lice  on  foliage,  with  from  10  to  15  parts  of  water.    Crude 

oil  emulsion  is  made  in  the  same  way  by  substituting  crude  oil  in  place  of  kerosene. 

The  strength  of  oil  emulsions  is  frequ^tly  indicated  by  the  percentage  of  oil  in  the 

diluted  liquid,  as  foUows: 

For  a  lo-per-cent  emulsion,  17  gallons  of  water  is  added  to  3  gallons  of  stock  emulsion 

For  a  15-per-cent  emulsion,  10  J  gallons  of  water  is  added  to  3  gallons  of  stock  emulsion 

For  a  20-per-cent  emulsion,  7  gallons  of  water  is  added  to  3  gallons  of  stock  emulsion 

For  a  25-per-cent  emulsion,  5  gallons  of  water  is  added  to  3  gallons  of  stock  emulsion 

Carbolic  acid  emulsion  is  composed  of  i  pound  of  soap,  i  gallon 

Carbolic  acid    of  water,  and  I  pint  of  crude  carbolic  acid.    The  soap  is  dissolved 

emulsion       m  hot  water,  the  carbolic  add  is  added,  and  the  mixture  is  agitated 

into  an  emtdsion.    For  use  against  root  maggots,  the  emulsion 

should  be  diluted  with  30  parts  of  water. 

Nicotine  is  the  poisonous  principle  of  tobacco.    It  is  a  powerful 

Tobacco         contact  insecticide.    It  is  now  most  widely  used  in  the  form  of 

preparation     nicotine  sulfate,  a  non-volatUe  liquid,  and  is  usually  found  in  the 

market  in  the  form  of  a  solution  containing  40  per  cent  of  nicotine 
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or  about  52  per  cent  of  nicotine  sulfate.  When  used  for  plant  Uoe  or  similar  soft- 
bodied  insects  it  is  diluted  with  from  800  to  1000  parts  of  water;  that  is,  from  }  to 
I  pint  is  used  in  100  gallons  of  water.  The 
efficiency  of  the  poison  is  greatly  increased  by 
the  addition  of  from  4  to  5  pounds  of  soap  to 
each  100  gallons  of  the  liquid;  the  soap  makes 
the  material  spread  and  stick  better.  Nicotine 
sulfate  can  be  combined  with  either  bordeaux 
mixture  or  lime-sulfur  and  arsenate  of  lead, 
without  decreasing  the  efficiency  of  the  spray. 
Nicotine  is  also  used  for  fumigating  green- 
houses, either  by  smudging  with  damp  tobacco 
stems  or  by  evaporating  a  nicotine  extract  in 
which  the  nicotine  is  not  in  the  sulfate  form. 
There  are  also  on  the  market  various  kinds  of 
punks  and  papers  containing  nicotine  and 
designed  for  fumigation. 

Whale-oil  soap  is  an  eflfective 
Soaps  insecticide  for  plant  lice.    It 

is  dissolved  in*  hot  water  and 
diluted  so  as  to  obtain  i  pound  of  soap  to  every 
5  or  10  gallons  of  water.  This  strength  is  effec- 
tive against  plant  lice  and  similar  soft-bodied 
insects.  Homemade  soaps  and  good  laundry 
soaps,  such  as  ivory  soap,  are  often  as  effective 
as  whale-oil  soap. 

There  are  now  on  the  market 
Miscible  oils    a  number  of  preparations  of 

petroleum  and  other  oils  in- 
tended primarily  for  use  against  the  San  Jos6 
scale.  They  mix  readily  with  cold  water  and 
are  immediately  available  for  use.  While  quickly 
prepared,  easily  applied,  and  generally  effective, 
they  cost  considerably  more  than  lime-sulfur. 
They  are,  however,  less  corrosive  to  the  pumps 
and  more  agreeable  to  use,  and  they  have  a 
decided  value  in  special  cases  as  for  destroying 
the  eggs  of  the  fruit-tree  leaf-roller.  They 
should  be  diluted  with  not  more  than  15  parts 
of  water,  and  should  be  used  only  on  dormant 
trees  when  there  is  no  danger  of  freezing. 

Comm  e  r  cial      concentrated 

lime-sulfur  solutions  are  now 

widely  used  by  fruit  growers 

in   combating  certain  insect 

pests  and  fungous   diseases. 

Careful  and  extensive  cxxDcri- 
ments  have  shown  that  these  mixtures,  when  'S^<^-2i2.-HydromeUTuseiimUsling 

concentrated  htne-sulfur  solutions 


thoroughly  applied,  will  give  very  satisfactory 

results  in  controlling  San  Jos^  scale,  blister  mite,  and  apple  scab. 


For  the  control 
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of  the  two  insect  pests  the  material  is  applied  to  the  infested  trees  only  in  the  dormant 
period,  and  for  apple  scab  it  is  applied  as  a  summer  spray  in  a  much  more  dihited 
condition. 

In  order  to  use  one  of  these  mixtures  iiiteUigentiy  and  effectively  it  becomes  necessary 
to  know  its  strength,  or,  in  other  words,  its  degree  of  concentration.  This  is  best  found 
by  using  an  instrument  known  as  a  Baum^  hydrometer.  An  accurate  hydrometer  may 
be  bought  through  a  local  druggist.  The  instrument  should  be  designed  for  determining 
densities  between  25®  and  35®  Baum^.  In  testing  a  lime-sulfur  solution,  some  .of  the 
clear  reddish  liquid  is  poured  into  any  deep  receptacle,  deeper  than  the  hydrometer  is 
long,  and  when  the  receptacle  is  full  the  instrument  is  dropped  gently  into  the  solution 
and  left  imtil  the  solution  comes  to  rest.  The  degree  of  concentration,  which  is  the 
one  just  at  the  surface  of  the  liquid,  is  then  read  on  the  hydrometer.  When  the 
d^^ree  of  concentration  of  the  solution  is  known,  the  proper  dilution  may  be  obtained 
by  referring  to  the  following  table,  computed  from  data  given  in  Bulletin  329  of  the 
New  York  State  Agricultural  Experiment  Station  at  Geneva: 

Dilution      Dilution  Dilution  Dilution 

Concentrate  for  San      for  peach  for  apple         for  pear 

testing  Jos^  scale     leaf  curl  (simimer  and  cherry 

(degrees  and  blister      (trees         spray)  (summer 

Baum^)  mite        dormant)  spray) 

35 I  to  8i  I  to  i6i  I  to  43J  I  to  56 

34 I  to  8J  I  to  16  I  to  42i  I  to  54 

33 I  to  8  I  to  15  J  I  to  41  I  to  52 

32 I  to  7i  I  to  15  I  to  40  I  to  50 

31 I  to  7I  I  to  Hi  I  to  39  I  to  48 

30 I  to  6i  I  to  14  I  to  37  J  I  to  46 

29 I  to  6i  I  to  I3i  I  to  36  I  to  44 

28 ito6  itoi3  ito35  ito42 

27 I  to  5i  I  to  I2i  I  to  33}  I  to  4oi 

26 I  to  5 J  I  to  12  I  to  32i  I  to  38i 

25 I  to  5  I  to  II  I  to  31  I  to  37 

Arsenate  of  lead  may  be  added  to  the  diluted  concentrate  at  the  rate  of  from  2  to  3 
pounds  to  50  gallons.  Paris  green,  arsenite  of  lime,  or  arsenite  of  soda,  should  not 
be  used  with  lime-sulfur. 

Fairly  satisfactory  concentrated  solutions  may  be  made  at  home, 

Homemade     if  the  work  is  done  carefully  and  thoroughly.    Homemade  solutions 

concentrated    will  vary  considerably  and  must  all  be  tested  in  order  to  determine 

lime-sulfur      the  dilutions.    They  will  probably  contain  more  or  less  sediment. 

solution         In  order  to  make  them  with  as  little  sediment  as  possible,  lime 

at  least  90  per  cent  ptire  should  be  used  and  the  mixture  should 

be  constantly  stirred  while  cooking.    The  Geneva  formula  calls  for  36  pounds  of 

pure  lump  lime  or  38  pounds  of  95-per-cent  Itmip  lime  or  40  poimds  of  90-per-oent 

lime,  with  80  poimds  of  flowers  of  sulfur  or  sulfur  flour  and  50  gallons  of  water. 

The  following  directions  for  making  the  solution  are  condensed  from  Bulletin  330  of 

the  State  Experiment  Station  at  Geneva,  by  P.  J.  Parrott  and  W.  J.  Schoene:  Heat  about 

10  gallons  of  water  and  use  it  to  slake  the  lime.  As  slaking  commences  add  the  sulfur  and 

stir  vigorously  in  order  to  break  up  lumps.    When  the  lime  is  all  slaked  add  enough 

water  to  make  about  60  gallons  if  the  boiling  is  done  in  an  open  kettle.     Boil  vigorously 

for  one  hour.    If  the  mixture  is  to  be  stored,  strain  it  into  a  barrel  and  cork  tightly  so 

30 
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as  to  prevent  evaporation.  Store  where  there  is  no  danger  of  freezing.  When  ready 
to  use,  test  the  concentrate  with  a  Baum6  hydrometer  and  dilute  according  to  the 
foregoing  table. 

Hydrocyanic  add  gas  is  a  deadly  poLson  and  the  greatest  care  is 

Fumigation      required  in  its  use.    From  98-  to    loo-per-cent-pure  potassium 

with  hydrocy-    cyanide  only  should  be  used,  and  a  good  grade  of  commercial 

anic  acid  gas    sulfuric  add.    The  chemicals  are  always  combined  in  the  following 

proportion:  potassium  cyanide  i  ounce,  sulfuric  add  i  fluid  ounce, 
water  5  fluid  ounces.  Only  an  earthen  dish  should  be  used.  The  water  should  he 
poured  in  first,  and  the  sulfuric  add  added  to  it.  The  required  amotmt  of  cyanide 
is  put  into  a  thin  paper  bag,  and  when  all  is  ready  it  is  dropped  into  the  liquid  and  the 
room  musi  be  left  immediately.  For  mills  and  dwellings,  i  ounce  of  cyanide  should 
be  used  for  every  100  cubic  feet  of  space.  The  doors  and  windows  should  be  made 
as  tight  as  possible  by  pladng  strips  of  wet  paper  over  the  cracks.  Silverware  and 
food  should  be  removed,  and  if  brass  and  nickle  work  cannot  be  removed  it  should  be 
covered  with  vaseline  or  with  cloths.  The  proper  amount  of  the  add  and  water  for 
every  room  is  then  placed  in  2-gallon  jars;  two  or  more  of  these  are  used  in  large  rooms 
or  halls.  The  potassium  cyanide  is  weighed  out  in  paper  bags,  which  are  placed  near 
the  jars.  When  all  is  ready,  the  cyanide  is  dropped  into  the  jars,  beginning  on  the 
top  floors  since  the  fxunes  are  lighter  than  air.  In  large  buildings  it  is  frequently 
necessary  to  suspend  the  bags  of  cyanide  over  the  jars  by  cords  running  through  screw 
eyes  and  all  leading  to  a  place  near  the  door.  By  cutting  all  the  cords  at  once  the 
cyanide  will  be  lowered  into  the  jars  and  the  operator  may  escape  without  injury. 
The  fiunigation  shotdd  continue  all  night,  all  outside  doors  being  locked  and  danger 
signs  being  placed  on  the  house. 

No  general  formula  can  be  given  for  fumigating  the  different  kinds 

Fomigatioil  of  of  plants  grown  in  greenhouses,  as  the  spedes  and  varieties  differ 

greenhouses     greatly  in  their  ability  to  withstand  the  effects  of  the  gas.    Ferns 

and  roses  are  very  susceptible  to  injury,  and  fumigation,  if  attempted 
at  all,  should  be  performed  with  great  caution.  Fiunigation  will  not  kill  insect  eggs,  and 
therefore  must  be  repeated  when  the  new  brood  appears.  Fumigating  should  be  done 
only  at  night  when  there  is  no  wind.  The  house  should  be  as  dry  as  possible,  and  the 
temperature  as  near  60**  as  is  practicable. 

FUNGICIDES 
The  most  important  fungiddes  are  as  follows:  bordeaux  mixture,  concentrated  h*me- 
sulfur,  self-boiled  hme-sulfur,  ammoniacal  copper  carbonate,  potassium  sulfide,  copper 
sulfate,  sulfur,  corrosive  sublimate,  and  formaldehyde. 

Bordeaux  mixture  is  made  by  mixing  a  dilute  solution  of  copper 
Bordeaux       sulfate  (blue  vitriol)  with  a  dilute  milk  of  lime.    The  mixture  may 
mixture         be  made  of  different  strengths  by  using  different  amounts  of  the 
copper  sulfate  and  lime  to  a  given  amount  of  water.    A  mixture 
made  of  3  pounds  of  copper  sulfate  and  3  pounds  of  lime  to  50  gallons  of  water  is  indi- 
cated by  the  formula  3-3-50;  one  made  of  4  pounds  of  copper  sulfate  and  4  pounds  of 
lime  to  50  gallons  of  water,  by  4-4-50;  one  made  of  5  pounds  of  copper  sulfate  and  5 
pounds  of  lime  to  50  gallons  of  water,  by  5-5-50;  and  so  on.      In  order  to  make 
bordeaux  mixture  of  any  strength,  the  procedure  should  be  as  follows: 

Stock  solution  of  copper  sulfate, —  A  stock  solution  of  copper  sulfate  may  be  made 
in  a  barrel,  using  50  pounds  of  copper  sulfate  dissolved  in  50  gallons  of  water.  A 
gallon  of  the  solution  thus  contains  i  poimd  of  copper  sulfate.    In  case  large  quantities 
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of  stock  solution  are  needed,  two  pounds  of  copper  sulfate  may  be  dissolved  to  one  gallon 
of  water.  If  the  crystals,  placed  in  a  gunny  sack,  are  suspended  so  as  to  be  just  beneath 
the  surface  of  the  water,  they  will  dissolve  in  the  course  of  three  or  four  hours. 

Stack  lime, —  A  stock  mixture  of  lime  may  be  made  by  placing  a  bushel  of  good  stone 
lime  in  a  barrel,  and  slaking  by  the  gradual  addition  of  water.  Care  must  be  taken 
not  to  "  drown  "  the  Ume.  When  all  Has  become  pulverized  by  the  slaking,  water  is 
added  to  make  a  paste,  after  which  enough  more  water  is  added  to  make  50  gallons. 
This  ^ould  not  be  allowed  to  dry  out.  Hydrated  lime  (which  is  already  slaked)  may 
be  used  in  place  of  stone  lime,  but  air-slaked  lime  should  never  be  used. 

Making  the  mixture, —  The  sprayer  is  ifilled  three-fourths  full  of  water.  If  a  5-5-50 
solution  is  desired,  5  gallons  of  copper  sulfate  stock  solution  is  added  to  this  water  for 
every  50  gallons  of  mixture  to  be  made.  The  solution  requires  stirring  until  it  is  well 
diluted,  after  which  5  gallons  of  the  stock  mixture  of  milk  of  lime  is  added  to  each  50 
gallons  of  mixture.  The  lime  water  should  be  nm  through  a  strainer  in  order  to  prevent 
the  laige  particles  of  lime  from  getting  into  the  sprayer  tank.  While  the  milk  of  lime 
is  being  added  to  the  dilute  copper  sulfate  solution  in  the  sprayer  tank,  the  material  in 
the  tank  should  be  stirred  constantly.  The  sky-blue  bordeaux  mixture  will  restdt. 
Enough  water  to  make  the  required  amount  of  mixture  is  then  added. 

Testing  the  mixture, —  The  mixture  should  next  be  tested  with  a  few  drops  of  a  solu- 
tion of  potassium  ferrocyanide.  This  is  made  by  dissolving  crystals  of  potassittm 
ferrocyanide  in  soft  water.  Five  cents'  worth  of  crystals  dissolved  in  a  pint  of  water 
will  provide  enough  of  the  solution  to  last  throughout  the  season.  Should  a  brown- 
colored  precipitate  result  when  a  few  drops  of  this  solution  are  added  to  the  bordeaux 
mixture,  it  wovdd  indicate  that  more  lime  milk  is  needed  to  neutralize  the  copper  stilfate 
solution.  When  sufficient  lime  is  added,  no  brown  precipitate  will  be  formed  by  the 
potassium  ferrocyanide  solution.  Bordeaux  mixture  not  properly  neutralized  will 
bum  the  foliage  of  plants  when  applied  to  it.  It  is  tmnecessary  to  measure  the  milk 
of  lime  in  making  the  bordeaux  mixture  if  the  mixture  is  tested  from  time  to  time  with 
ferrocyanide  solution  while  adding  the  Ume.  The  test  will  indicate  when  sufficient 
Hme  is  present. 

Some  plants  are  injured  by  bordeaux  of  ordinary  strength,  even 

Bordeaux       when  it  is  properly  made.    Others,  as  the  apple,  are  sometimes 

injury  injured    by    a    weak 

(Fig.  233)        bordeaux  under  certain 

weather  conditions. 
The  leaves  of  most  varieties  of  stone 
fruits,  especially  peaches  and  Japanese 
plums,  are  almost  sure  to  be  injured  by 
bordeaux  except  in  very  weak  mixtures. 
The  injury  to  these  plants  consists  usually 
of  small  holes  in  the  leaves,  very  similar 
in  appearance  to  the  shot-hole  effect  of 

certain  fungi.     The  injury  on  apple  occurs        ^^^^    ^,^ordeaux  injury  on  apples 
on  both  the  leaves  and  the  fruit.    On  the  '^'^ 

leaves  it  consists  of  definite  brown  spots  very  much  like  certain  leaf  spots  due  to 
fungi.  On  the  fruit  the  injury  takes  the  form  of  russeting.  It  may  even  cause  large 
cracks  to  appear.  Some  varieties  of  apple  suffer  more  than  others.  Wet  weather 
during  the  spraying  season  appears  to  be  one  of  the  chief  factors  in  the  production  of 
bordeaux  injury  on  apples.  It  has  also  been  shown  that  "  the  more  copper  sulfate, 
the  greater  the  injury."  This  injury  may  be  avoided  by  using  lime-sulfur  instead  of 
bordeaux. 


Digitized  by  VjOOQ IC 


468  Bulletin  283 

Concentrated  lime-sulfur— See  under  Insecticides,  page  464. 

Self -boiled  lime-sulfur  is  not  a  boiled  solution,  as  might  be  inferred 

Self-boiled      from  the  name.     It  is  prepared  by  placing  in  a  barrel  8  pounds 

lime-sulfur      of  the  best  stone  lime,  to  which  is  added  a  small  quantity  of  cold 

water  in  order  to  start  it  slaking.    Eight  pounds  of  sulfur  worked 

through  a  sieve  to  break  up  the  lumps  is  then  added  slowly  to  the  slaking  lime,  which  is 

kept  from  burning  by  the  addition  of  cold  water;  care  must  be  taken,  however,  pot  to 

add  so  much  water  that  the  lime  will  be  drowned.    The  slaking  mixture  must  be  stirred 

constantly.    Just  as  soon  as  the  slaking  is  completed  (which  should  be  in  from  five 

to  fifteen  minutes),  the  barrel  is  filled  with  cold  water  (50  gallons).    The  mixture  is 

strained  into  the  sprayer  tank  through  a  sieve  of  20  meshes  to  the  inch.     It  must  be 

agitated  constantly  while  being  applied,  as  it  settles  rapidly.    When  properly  made, 

this  is  merely  a  fine  mechanical  mixture  of  lime  and  sulfur  produced  by  the  heat  and  the 

bubbling  action  of  slaking,  and  should  have  but  little  sulfur  in  solution.    This  mixture 

is  especially  adapted  for  the  spraying  of  peaches  and  plimis  in  foliage,  as  it  causes  no 

injury.    Arsenate  of  lead  may  be  added. 

Ammoniacal  copper  carbonate  is  composed  of  5  ounces  of  copper 

Ammoniacai     carbonate,  3  pints  of  ammonia,  and  50  gallons  of  water.    The 

copper  ammonia  is  diluted  in  7  or  8  parts  of  water,  and  a  paste  is  made  of 

carbonate       the  copper  carbonate  with  a  little  water.    The  paste  is  added  to 

the  diluted  ammonia  and  stirred  tmtil  dissolved.    Enot^h  water  to 

make  50  gallons  is  added.    This  mixture  loses  strength  on  standing,  and  should  be  made 

as  required.     It  is  used  in  place  of  bordeaux  when  one  wishes  to  avoid  the  coloring  of 

maturing  fruits  or  ornamental  plants.    It  is  probably  not  so  effective  as  bordeaux. 

Three  ounces  of  potassium  sulfide  (liver  of  sulfur)  is  added  to  10 

Potassium      gallons  of  water.      As  this  mixture  loses  strength  on  standing,  it 

sulfide  should  be  made  just  before  using.    It  is  particularly  valuable  for 

the  powdery  mildew  of  many  plants,  especially  of  gooseberry,  and 

for  carnation  rust,  rose  mildew,  and  the  like. 

One  pound  of  copper  sulfate  is  dissolved  in  from  15  to  25  gallons 

Copper  of  water.    It  is  then  ready  for  use.    One  potmd  in  twenty  gallons 

sulfate  of  water  has  been  found  effective  against  peach  leaf  curl.    This 

mixture  should  never  be  applied  to  the  foliage,  but  must  be  used 

before  the  buds  break.    A  much  weaker  solution  has  been  recommended  for  trees  in 

leaf,  but  it  is  rarely  used. 

Flowers  of  sulfur  or  extra  finely  ground  sulfur  flour  possesses  con- 
Sulfur  siderable  value  as  a  fungicide.    The  sulfur  may  be  dusted  over  the 

plants,  especially  when  they  are  wet.  It  is  most  effective  in  hot, 
dry  weather.  In  rose  houses,  it  is  mixed  with  half  its  bulk  of  lime  and  made  into  a  paste 
with  water.  This  is  painted  on  the  steam  pipes.  The  fumes  destroy  mildew  on  the 
roses.  Mixed  with  lime,  it  has  proved  effective  in  the  control  of  onion  smut  when 
drilled  into  the  rows  with  the  seed.  Mixed  with  powdered  arsenate  of  lead  at  the  rate 
of  90  pounds  of  sulfur  to  10  pounds  of  lead,  it  has  proved  effective  in  the  control  of 
biting  insects  and  of  apple  scab. 

One  ounce  of  corrosive  sublimate  is  mixed  with  yj  gallons  of  water. 
Corrosive       it  is  an  effective  solution  for  treating  seed  potatoes,  which  should 
sublimate       be  soaked  for  one  and  one-half  hours.    One  antiseptic  tablet  dis- 
solution        solved  in  a  pint  of  water  and  stored  in  glass  makes  a  solution  suit- 
able for  disinfection  of  wounds.     After  cutting  out  fire  blight  or 
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canker,  the  wound  may  be  swabbed  thoroughly  with  this  solution.  The  solution  should 
be  used  in  wooden  or  glass  vessels,  as  it  reacts  with  metal  and  thereby  loses  strength. 
It  is  very  poisonous.  It  is  injurious  to  tools,  and  should  be  applied  to  the  wounds, 
not  to  the  tools. 

Commercially  formaldehyde  solution  contains  about  40  per  cent  of 

Fonnaldehyde  the  gas  formaldehyde.    One  pint  in  30  gallons  of  water  will  prevent 

solution         potato  scab  if  the  tubers  s^re  soaked  for  two  hours  and  planted  in 

clean  soil;  or  i  pint  in  45  gallons  of  water  will  prevent  oat  smut 
and  stinking  smut  of  wheat.  The  oat  seed  should  be  spread  on  the  floor,  sprinkled 
with  the  solution  until  it  is  wet,  heaped  up,  and  covered  with  blankets  for  from  two 
to  four  hours. 

An  efficient  sticker  may  be  made  by  mixing  2  pounds  of  resin. 

Sticker,  or       i  potmd  of  sal  soda  crystals,  and  i  gallon  of  water.    This  is  boiled 

adhesivO        until  of  a  clear  brown  color  —  from  one  to  one  and  one-half  hours. 

It  should  be  cooked  in  an  iron  kettle  in  the  open.  It  is  useful  for 
onions,  cabbage,  and  other  plants  that  are  hard  to  wet.  This  is  the  proper 
amount  to  be  added  to  each  50  gallons  of  bordeaux  for  these  plants;  for  other  plants, 
this  amount  should  be  added  to  every  100  gallons  of  bordeaux.  This  mixture  will 
prevent  the  bordeaux  from  being  washed  off  by  the  heaviest  rains. 

The  smuts  of  certain  cereals  may  be  controlled  by  the  tise  of  hot 
Hot  water       water  in  treating  the  seed.    The  following  so-called  modified  Jensen 

method  is  recommended  in  Bulletin  152  of  the  United  States  Bureau 
ci  Plant  Industry,  for  treatment  of  seed  for  loose  smuts  of  wheat  and  barley.  This 
applies  only  to  treating  small  quantities  of  seed  for  a  seed  plat  from  which  clean  seed 
for  the  general  crop  may  be  obtained. 

"  The  clean  seed  should  be  soaked  for  from  five  to  seven  hours  in  water  at  ordinary 
room  temperature,  17**  to  22**  C.  (63^  to  72°  F.).  It  should  be  placed  in  small,  loose 
sacks  or  wire  baskets  containing  not  more  than  one-half  peck  each  and  drained  for  a  short 
time.  It  is  of  the  greatest  importance  that  the  seed  be  treated  in  small  lots  in  order  thai 
all  of  the  grain  may  be  quickly  and  uniformly  brought  to  the  desired  tempemtiire.  Two 
tubs  or  vats  of  water  should  be  provided.  In  one  tub  (No.  2)  the  exact  temperature 
required  should  be  maintained.  The  other  tub  (No.  i)  is  used  for  bringing  the  grain 
to  the  temperature  of  the  treatment,  so  as  not  to  lower  the  temperature  in  tub  No.  2. 
Galvanized  iron  tubs  of  20  to  40  gallons  capacity  and  kerosene  or  gasoline  double-burner 
stoves  are  sufficient  for  the  treatment.  The  drained  sacks  or  baskets  of  seed  should  be 
plunged  into  tub  No.  i  for  a  minute,  then  transferred  to  tub  No.  2,  and  kept  agitated 
while  inmiersed  at  temperatures  and  for  the  periods  specified  below,  the  temperatures 
mentioned  being  maintained  as  nearly  as  possible: 

For  barley,  15  minutes  at  52°  C.  (125.6°  F.). 
For  wheat,  10  minutes  at  54®  C.  (129.2''  F.). 

*'  In  treating  barley,  if  the  temperature  should  rise  above  52®  C.  (125.6**  F.)  the  time 
of  immersion  must  be  reduced  to  ten  minutes  at  53°  C.  (127.4®  FO  or  five  minutes  at 
54**  C.  (129.2®  F.).  Above  54®  C.  (129.2®  F.)  there  is  no  safe  margin.  If  the  tem- 
perature falls  slightly  below  52®  C.  (125.6®  F.)  the  time  of  treatment  should  be  increased 
in  proportion.  A  temperattme  lower  than  51®  C.  (123.8®  F.)  will  not  be  effective.  In 
treating  wheat,  if  the  temperature  should  rise  above  54®  C.  (129.2®  F.)  or  fall  below 
52®  C.  (125.6  F.),  the  time  for  immersion  must  be  diminished  or  increased  accordingly. 
Under  no  dicumstances  should  a  temperature  ©f  more  than  55®  C.  (131®  F.)  be  allowed. 
Temperatures  below  51®  C.  (123.8®  F.)  are  ineffective. 
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"  Seed  treated  as  indicated  may  be  planted  as  soon  as  it  is  sufficiently  dry  to  ran 

freely  through  the  drills In  many  cases  the  grain  germinates  as 

well  or  better  when  rested  after  treatment  than  if  sown  immediately 

"  A  good  thermometer  should  be  used  for  all  treatments 

"  Several  weeks  before  sowing,  the  seed  should  be  tested  for  germination/' 

SPRAYING  SCHEDULE  FOR  APPLES 

Donnant  spray.  —  As  ike  buds  begin  to  show  green 

Lime-sulfur  (32®  Baum^)  diluted  1  to  8,  for  San  Jos^  scale,  oyster-shell  scale,  and 
blister  mite.  If  aphids  are  present  this  application  should  be  delayed  until  just  as  the 
buds   are   bxirsting;    at  that  time  the  young  lice  are  clustering  on  the  opening  buds. 

"Black  leaf  40"  tobacco  extract  should  be  added,  f  pint  to  100  gallons  of  hme-solfor 
solution. 

Stunmcr  sprays 

(A)  As  the  buds  begin  to  show  pink 

Lime-sulfur  (32^  Baum^)  diluted  i  to  40,  for  apple  scab;  from  4  to  6  pounds  of  arse- 
nate of  lead  should  be  added  to  100  gallons  of  b'me-sulfur,  for  bud  moth  and  case-bearers. 

(B)  As  the  last  of  the  petals  are  falling 

Lime-sulfur  (32**  Baum^)  diluted  i  to  40,  for  apple  scab;  from  4  to  6  pounds  of  arse- 
nate of  lead  should  be  added  to  100  gallons  of  lime-sulfur,  for  codling  moth.  This,  ts 
the  most  important  spray  for  the  control  of  the  codling  moth, 

(C)  Three  vfeeks  after  the  petals  fall 

Lime-sulfur  (32®  Baimi^)  diluted  i  to  40,  for  apple  scab;  from  4  to  6  pounds  of 
arsenate  of  lead  should  be  added  to  100  gallons  of  lime-sulfur,  for  codling  moth. 

(D)  The  last  week  in  July 

Lime-sulfur  (32"  Baura^)  diluted  1-40,  for  apple  scab;  from  4  to  6  pounds  of  arsenate 
of  lead  should  be  added  to  100  gallons  of  lime-sulfur  for  the  second  brood  of  codling 
moth. 

SPRAYING  SCHEDULE  FOR  PEACHES 

Dormant  spray*  — Before  the  leaf  buds  swell 

Lime-sulfur  (32*  Baum6)  diluted  1-8,  for  San  Jos6  scale  and  peadi  leaf  curl.  H 
San  ]os6  scale  is  not  to  be  combated,  lime-sulfur  (32**  Baum^)  diluted  i  to  15,  or  bor- 
deaux 4-4*50,  should  be  used. 

Summer  sprays 

(A)  About  the  time  when  the  calyxes,  or  shucks,  are  dropping  from  the  young  fruit 

(a)  Self-boiled  lime-sulfur  8-8-50,  with  arsenate  of  lead,-  2  pounds  to  50  gallons, 
for  scab. 

As  this  is  rather  early  for  scab  and  rot,  the  self-boiled  Ume-sulfur  may  be  omitted, 
using  merely 

(b)  Arsenate  of  lead,  2  pounds  to  50  gallons  of  water,  for  curculio. 

K  the  self -boiled  lime-sulfur  is  omitted,  milk  of  lime,  made  by  slaking  from  2  to  3 
pounds  of  good  stone  lime,  should  be  added  to  each  50  gallons  of  water.  This  will 
tend  to  counteract  any  caustic  action  of  the  arsenate  of  lead. 

(B)  Two  or  three  weeks  later,  or  about  one  month  after  the  petals  fail 

(a)  Self -boiled  lime-sulfur  8-8-50,  for  scab  and  brown  rot. 

(b)  Two  pounds  of  arsenate  of  lead  added  to  the  preceding,  for  curculio. 

(C)  About  one  month  before  the  fruit  ripens 

Sdf-boiled  h*me*sulfur  8-8-50,  for  brown  rot.    Arsenate  of  lead  must  not  be  added. 
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THE  APPLE  REDBUGS 

Heterocordylus  malintcs  Reuter  and  Lygidea  inendax  Renter' 
Order,  Hemiptera  Family,  CapsidcB 

C.  R.  Crosby 

Two  apple  pests  are  considered  in  this  btdletin.  In  the  preparation  of 
the  bulletin  free  use  has  been  made  of  the  notes  and  photographs  accumu- 
lated by  the  late  Professor  M.  V.  Slingerland,  whose  observations  on 
the  apple  redbugs  began  in  the  spring  of  1896.  Although  these  insects 
had  been  observed  on  apples  at  Ithaca  from  time  to  time  for  a  number 
of  years,  they  did  not  seem  to  be  of  sufficient  importance  to  warrant 
particular  study  imtil  the  spring  of  1908,  when  a  serious  outbreak  was 
reported  in  an  orchard  near  Syracuse,  New  York.  Professor  Slingerland 
visited  the  orchard,  and  in  the  notes  taken  at  that  time  he  wrote:  "  The 
injury  being  done  in  this  orchard  is  sufficient  to  warrant  a  careful  study 
of  the  life  history  of  this  insect,  with  remedial  treatment."  In  the  winter 
of  1909  he  outlined  to  the  writer  his  plans  for  carrying  out  this  work, 
and  it  is  greatly  to  be  regretted  that  his  \mtimely  death  prevented  its 
completion. 

Considering  the  importance  of  the  subject  and  the  desirability  of 
placing  Professor  Slingerland's  observations  in  permanent  form,  the 
writer  undertook  to  carry  on  the  work.  Cooperative  experiments  in 
means  of  control  have  been  conducted  diuing  the  last  two  years  at  Ithaca, 
Syracuse,  Brockport,  and  Waterloo,  New  York.  In  the  spring  of  1910 
both  species  of  the  insect  were  reared  in  the  Insectary  at  Cornell  Uni- 
versity, and  careful  drawings  of  each  stage  have  been  made  by  Miss 
A.  C.  Stryke. 

Knotty  apples  are  caused  by  a  number  of  insects.  The  plum  curculio 
deforms  the  fruit  with  its  characteristic  feeding  and  egg-laying  punctures; 
plant  lice,  or  aphids,  when  abtmdant  cause  stunted  and  misshapen  fruit. 
The  injurious  work  of  these  insects  has  long  been  known  and  is  familiar 
to  every  fruit  grower.  In  1908  Judson  N.  Knapp,  of  Syracuse,  called 
Professor  Slingerland's  attention  to  his  orchard,  in  which  the  fruit  was 
badly  deformed  but  in  such,  a  way  that  the  injury  could  not  be  attributed 
to  either  of  these  well-known  pests.  The  injury  in  this  orchard  was 
very  severe,  nearly  the  entire  crop  of  certain  varieties  being  rendered 
unmarketable. 

The  culprit  was  soon  identified  by  Professor  Slingerland  as  one  of  the 
leaf  bugs,  which  in  its  immature  stages  is  a  brilliant  tomato  red.    More 

1  Described  by  O.  M.  Reuter,  Acta  Soc.  Sci.  Penmca,itiAlt  7i*  .  X909* 
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recently  It  has  been  learned  that  this  insect  is  aided  in  its  destructive  work 
by  another  closely  related,  but  entirely  distinct,  species,  also  of  a  bright 
red  color.  The  results  of  observations  and  experiments  with  these  two 
sucking  bugs  are  here  presented,  in  order  that  fruit  growers  may  become 
familiar  with  them  and  be  prepared  to  fight  them  whenever  they  appear 
in  serious  numbers. 

COMMON   NAMES 

These  insects  are  known  among  fruit  growers  by  the  highly  appro- 
priate name  redbugs.  As  names  are  needed  to  distinguish  the  two  species, 
it  is  proposed  to  call  the  darker  form  (Heterocordylus  tnalinus)  the  apple 
redbug  and  the  lighter  form  (Lygidea  mendax)  the  false  apple,  redbug. 


FIRST   INDICATION   OP   THE    PRESENCE   OP   REDBUGS 

The  eggs  of  the  redbug  hatch  just  before  the  blossoms  open;  those 
of  the  false  redbug  about  a  week  later.  Although  the  nymphs  of  both 
species  are  a  brilliant  red  while  young,  they  are  hard  to  find  because 
of  their  habit  of  hiding  between  the  opening  leaves.  Some  of  the  inner 
leaves  remain  curled  lengthwise  for  several  days,  and  the  tube  thus  formed 
makes  a  snug  retreat  for  the  young  bugs.  The  first  indication  of  their 
presence  is  the  minute  reddish  spots  on  the  leaves  caused  by  their  feeding 
punctures  (Fig.  87).  They  usually  feed  on  the  upper  surface,  and  make 
a  large  number  of  punctures  in  a  single  leaf. 

It  is  sometimes  desirable  to  determine  in*  advance  of  the  spraying 
season  whether  or  not  an  orchard  is  infested  with  redbugs.  If  twigs 
from  bearing  branches  are  brought  into  the  house  any  time  after  the 
first  of  March  and  placed  in  water  to  force  out  the  buds,  the  redbug 
eggs  will  hatch  soon  after  the  leaves  appear.  Their  presence  is  indicated 
by  the  reddish  dots  on  the  leaves  caused  by  their  feeding  punctures. 

LIFE   HISTORY 

The  eggs 

The  eggs  of  both  species  are  laid  in  late  June  or  early  July.  They 
are  inserted  for  their  full  length  into  the  bark  on  the  smaller  branches 
of  the  trees,  two-years-old  wood  being  preferred.  The  eggs  are  very 
difficult  to  find  and  it  was  not  possible  to  make  as  many  observations 
on  them  as  was  desirable. 

All  eggs  definitely  known  to  belong  to  the  redbug  (H,  malimis)  were 
found  inserted  in  a  slit  in  the  bark  at  the  base  of  the  fruit  spurs  (Pig.  88). 
On  hatching,  the  young  nymph  leaves  the  embryonic  covering  which  pro- 
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trades  from  the  egg  cavity  as  shown  in  Figure  89.  As  far  as  the  writer  has 
observed,  the  normal  number  of  eggs  for  each  cavity  is  four.  The  egg 
is  1.6  millimeters  long  by  .4  millimeter  wide,  rather  strongly  curved, 
slightly  compressed,  and  dull  whitish  in  color.  The  embryo  develops 
in  the  lower  enlarged  part,  its  head  being  at  some  distance  from  the  tip 
of  the  egg.  The  woody  tissue  of  the  bark,  especially  the  outer  part, 
adheres  so  closely  to  the  egg  that  it  is  impossible  to  remove  it  completely 
even  if  it  is  hardened  in  alcohol. 

The  eggs  of  the  false  redbug  (L.  mendax)  are  usually  inserted  in  pairs 
in  the  lenticels  of  smooth  two-years-old  wood.  In  Figure  90  is  shown  a 
part  of  a  small  branch  bearing  two  lenticels,  each  of  which  contains  two 
eggs.  One  of  the  lenticels  is  shown  in  Figure  91,  greatly  enlarged.  The 
eggs  are  not  always  placed  in  lenticels,  as  is  shown  in  Figure  92.  They 
do  not  lie  parallel  to  one  another,  but  diverge  at  a  wide  angle  in  order 
to  avoid  the  solid  wood,  since  they  are  longer  than  the  thickness  of  the 
bark.  A  section  of  a  twig  with  an  egg  in  position  is  shown  in  Figure  93. 
The  egg  is  1.6  millimeters  long  by  .4  millimeter  wide. 

The  eggs  of  the  redbug  begin  to  hatch  soon  after  the  leaves  of  the 
fruit  buds  open,  and  the  hatching  is  practically  completed  by  the  time  the 
blossoms  open.  The  eggs  of  the  false  redbug  hatch  about  a  week  later. 
The  spring  of  19 10  was  abnormally  early,  and  the  first  nymphs  of  the 
redbug  were  found  on  April  8  at  Ithaca  and  Syracuse.  B.  H.  Henion 
reported  finding  nymphs  on  April  9  near  Brockport. 

The  nymphs 

Both  species  pass  through  five  immature  stages  and  develop  wings  at 
the  fifth  molt.  Under  natural  conditions  the  time  required  for  the 
nymphs  to  reach  maturity  varies  considerably  with  the  weather.  In 
the  Cornell  Insectary,  which  is  heated  by  steam,  the  redbug  required 
about  thirty-five  days  and  the  false  redbug  about  thirty-seven  days. 
Under  these  conditions  each  stage  lasted  about  one  week.  A  much 
longer  time  is  required  in  the  orchard. 

The  young  nymphs  of  the  two  species  are  very  similar.  Those  of  the 
false  redbug  may  be  distinguished  by  their  brighter  red  color,  by  the 
absence  of  dusky  markings  on  the  thorax,  and  by  the  fine,  short,  black 
hairs  covering  the  body.  The  nymphs  of  this  species  retain  their  bright 
color  until  they  are  full-grown;  those  of  the  redbug  become  nearly  black 
on  the  thorax  after  the  third  molt.  In  the  redbug  nymphs  the  beak  is 
dusky;  in  the  other  species  it  is  nearly  colorless,  with  a  black  tip.  The 
immature  stages  of  the  redbug  are  shown  in  Figures  81  to  85,  and  the 
second,  third,  fourth,  and  fifth  stages  of  the  false  redbug  are  shown  in 
Figure  86. 
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Technical  description  of  the  nymphs 

The  following  descriptions  are  all 
taken  from  living  specimens: 

H.  malinus. — Stage  I.  Length  of 
insect,  1.2  millimeters.  General  color 
a  light  tomato  red.  Each  segment  of 
the  thorax  has  a  large,  transverse, 
medially  interrupted,  dusky  area,  the 
one  on  the  metathorax  being  smaller 
than  the  others  and  obliquely  truncate 
laterally.  Head  dusky,  with  two  ob- 
lique light  lines  which  on  the  vertex 
meet  the  median  line  of  the  thorax. 


Fig.  81.  —  Apple-redbug  nymph.  Stage  I. 
Length,  1.2  millimeters.  (See  Ftg5.82,83, 
84.  85) 

Legs,  antennae,  and  beak  slightly 
dusky,  the  antennae  yellowish  red  at 
the  joints.  As  growth  progresses  the 
first  and  second  abdominal  segments 
shorten  and  the  constrictions  become 
deeper.     (Fig.  81.) 

Stage  II.  Length  of  insect,  1.7 
millimeters.  Head  dusky  reddish. 
Thorax  with  the  median  line  and  the 
posterior  margin  of  the  prothorax  and 


Fig.  S^.— Stage  III.    Length,  2.2  milli- 
meters 


Fig.  82. — Stage  n.    Length,  1.7  millimeters 

the  mesothorax  red,  the  remainder 
dusky  over  a  red  groimd  color.  Ab- 
domen tomato  red,  with  irregular 
lighter  markings  toward  the  sides;  the 
first  segment  with  a  broad,  transverse, 
dusky  spot,  the  second  with  a  smaller 
spot,  the  next  six  segments  each  with 
a  very  small  spot,  and  the  ninth  with 
a  large  dusky  area.  Legs  and  antennae 
dusky  over  a  red  groimd  color.  Beak 
dusky.  Under  parts  tomato  red  ex- 
cept for  a  small  dark  area  just  above 
the  base  of  each  leg.     (Fig.  82.) 
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Stage  III.  Length  of  insect,  2.2  millimeters.  Head  arid  thorax  dull 
reddish;  small  white  area  below  and  behind  the  eye.  The  wing  pads 
begin  to  show  on  the  mesothorax.  Abdomen  with  a  median  row  of.dtdl 
reddish  spots,  those  on  the  first; 
second,  and  ninth  segments  the 
largest;  general  color  of  abdomen 
bright  red,  variegated  with  white 
laterally,  the  white  markings  more 
pronoimced  anteriorly;  narrow  pos- 
terior margin  of  first  and  second 
segments  white.  Antennae  dull  red- 
dish, lighter  at  the  joints.  Legs 
diill  reddish,  dusky  distally.  Beak 
dusky.     (Fig  83.) 

Stage  IV.  Length  of  insect,  2.5 
millimeters.  Head  and  thorax  as 
in  preceding  stage,  except  that  the 
red  is  darker  and  the  median  line  is 
whitish;  narrow  posterior  margin  Pic.  84.— 5/age/ 7.  Length,  2.5  millimeters 
of  prothorax  bright  red.     The  wing 

pads  extend  to  the  third  segment.  Abdominal  markings  as  in  preceding 
stage,  except  that  the  median  reddish  brown  areas  are  larger,  and  all  but 
the  anterior  margin  of  the  ninth  segment  is  of  this  color.  Legs,  antennae, 
and  beak  darker  than  in  the  last  stage.     (Fig.  84.) 

Stage  V.    Length  of  insect,  4.3  millimeters.    Head  and  thorax  dull  black 

over  a  red  groimd  color;  median  line 
of  thorax  whitish.  First  and  second 
abdominal  segments  nearly  black 
over  reddish,  posterior  margin  of 
each  white;  third  to  eighth  seg- 
ments light  red,  variegated  with 
lighter  markings;  median  longitudi- 
nal row  of  large,  transverse,  reddish 
black  spots;  ninth  and  tenth  seg- 
ments reddish  black,  except  for  the 
red  anterior  margin.  Legs  and 
antennae  nearly  black,  with  a  red- 
dish ground  color.  Abdomen  be- 
neath lighter  red,  with  a  submar- 
ginal  row  of  small  black  spots;  ninth  ventral  segment  nearly  covered  by 
a  large  black  spot;  a  smaller  spot  on  the  eighth  segment.  (Figs.  85  and 
94) 


Fig.  85. — Stage  V.    Length,  4.3  millimeters 
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L.  mendax. — Stage  I.  Length  of  insect,  1.5  millimeters.  General  color 
tomato  red.  A  distinct  whitish  ring  around  eye.  Thorax  slightly  dusky 
over  a  red  groimd  color.  Legs  dusky.  Antennae  brownish.  Beak  color- 
less, with  the  tip  black.  Whole  dorsal  surface  clothed  with  short,  stiff, 
black  hairs. 


Stage  II,    Length,  2.5  millimeters 


Stage  III.    Lengthy  2.7  millimeters 


Stage  IV.    Length,  3.25  millimeters  Stage  V.    Length,  4  millimeters 

Fig.  86. — Immature  stages  of  the  false  apple  redbug 

Stage  n.  Length  erf  insect,  2.5  millimeters.  Very  similar  to  first  stage. 
Antennae  dusky  brown,  last  segment  lighter  except  at  base.     Tylus  dark. 

Stage  in.  Length  of  insect,  2.7  millimeters.  The  wing  pauis  just 
begin  to  show  on  the  mesothorax.  Coxae  tomato  red;  remainder  of  legs 
and  beak  translucent,  slightly  dusky;  posterior  tibiae  brownish;  legs  covered 
with  stiff,  black  hairs.     Tylus  dark  brown. 


Digitized  by  VjOOQ IC 


Fig.  87. — Reddish  dots  caused  by  punctures  of  the 
false  apple  redhug 


PHCfXOWk^H  BY  V.  I.  tAFRO 


Fig.  ^^.—-Eggs  of  apple  redhug  at 
base  of  fruit  spur 


Fig.  89. — Embryonic  covering  protruding  from 
the  egg  cavity  after  the  hatching  of  the  apple 
redhug 
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Fig.  90. — Eggs  of  false  apple  redbug  in  two-years-old 
apple  twig 


Fig.  91. — Lenticel  of  apple  twig,  in 
which  are  inserted  two  eggs  of  the 
false  apple  redbug.    Greatly  enlarged 


Fig.  q2. —  Two  eggs  of  the  false  apple 
redbug  not  inserted  in  a  lenticel 


Fig.  93. — Section  of  twig  shewing  egg  of 
fcUse  apple  redbug  in  position 
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Fig.  i^—Ap^  redbug.      Adult  and  fifth-stage  nymph 


Fig.  95. — False  apple  redbug.      Adult  and  fifth-stage  nymph 
31  [481] 


Digitized  by  VjOOQ IC 


w 


Fig  96. — Small  apples  deformed  by  redhug  Fig.  97. — Mature  apple,  showing 

punctures  injury  by  redbugs 


Ml 

Fig.  98. — Small  apples  cut  open  to  show  discolored 
areas  around  the  punctures 
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Fig.  99. —  Small  apples  punclured  by  red"  Fig.   100. — Leaves  showing  the  results  of 

bugs,  showing  drops  of  gum  redbug  injury  earlier  in  the  season 


Fig.  ioi. — Condition  of  blossom  buds  when 
redbug  nymphs  first  appear 
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Stage  IV.  Length  of  insect,  3.25  millimeters.  Very  similar  to  pre- 
ceding stage  in  color.  The  wing  pads  extend  nearly  to  the  posterior 
margin  of  the  second  abdominal  segment. 

Stage  V.  Length  of  insect,  4  millimeters.  Wing  pads  extend  to  fifth 
abdominal  segment.  General  color  bright  tomato  red.  Tip  of  wing  pads 
and  line  along  scutellum  dusky.  Legs  dusky,  darker  toward  the  tip. 
Antennae  dusky,  nearly  black;  last  segment  brownish  at  base.  Tylus  jet 
black.  Last  two  abdominal  segments  with  a  broad,  median  dusky  mark 
on  the  dorsum.  Whole  body  covered  with  short,  fine,  black  hairs.  (Figs. 
86  and  95.) 

The  adults 

The  adult  redbug  (H.  malinus)  is  about  one-quarter  inch  long  (Pig. 
94).  The  general  color  varies  from  red. to  nearly  black.  Usually  the 
thorax  is  black  in  front  and  red  behind.  The  wings  are  red,  usually 
black  along  the  inner  edge  and  with  a  pointed  ovate  black  spot  near 
the  outer  margin.  The  scutelltmi,  legs,  and  anteiuise  are  blade  .  The 
eyes  are  dark  red.  The  entire  dorsal  surface  is  sparsely  covered  with 
conspicuous  white,  flattened,  scale-like  hairs. 

The  adult  false  redbug  (L.  mendax)  is  of  about  the  same  size  as  the 
preceding  species,  but  the  general  color  is  lighter  and  the  white,  scale- 
like hairs  are  lacking  (Fig.  95).  The  head  and  the  prothorax  are  orange- 
red,  the  latter  with  a  narrow,  black,  posterior  border.  The  scutelltmi 
is  orang^red  in  front,  and  blackish  posteriorly.  The  wings  have  a  band 
of  orange-red  along  the  outer  edge;  the  inner  part  is  dusky.  The  amount 
of  red  on  the  wings  varies  greatly  in  different  individuals;  in  some  the 
wings  are  almost  entirely  reddish,  in  others  they  are  dusky.  The  eyes 
are  dark  red.  The  antennae  are  black.  The  legs  are  dusky  yellow, 
darker  toward  the  tip. 

HABITS  OP  THE   NYMPHS 

Very  soon  after  hatching  the  n)rmphs  move  to  the  young  leaves,  on 
which  they  feed  imtil  they  are  full-grown  in  case  fruit  is  not  available.  In 
the  Insectary  both  species  have  been  reared  to  the  adult  stage  exclusively 
on  foliage.  Usually,  if  fruit  is  present  the  nymphs  attack  it  as  soon  as 
it  has  set,  ^nd  sting  it  to  death  with  their  feeding  ptmctures.  As  they 
grow  older  they  become  more  active,  and  when  distiu'bed  they  retreat  to 
the  twig,  where  they  adroitly  dodge  to  the  opposite  side  like  a  squirrel.  If 
frightened  they  frequently  drop  from  the  branch,  but  they  rarely  fall  to 
the  ground,  usually  alighting  on  another  branch.  They  have  a  curious 
way  of  getting  a  new  hold  on  a  branch  or  a  leaf.  The  posterior  end  of 
the  alimentary  canal  can  be  extruded,  and  is  covered  with  a  viscid  secre- 
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tion.  As  soon  as  the  insect  strikes  an  object  in  falling,  the  sticky  organ 
adheres  to  it  until  a  foothold  can  be  obtained.  When  confined  in  a  glass 
bottle  young  nymphs  become  attached  to  the  glass  so  firmly  in  this  way 
that  tl^y  cannot  escape,  and  so  perish. 

HABITS  OP  the   adults 

Even  in  a  badly  infested  orchard  in  which  the  crop  has  been  prac- 
tically ruined,  it  is  very  difficult  to  capture  the  adults.  They  dodge 
to  the  opposite  side  of  the  branch  at  the  slightest  alarm,  and  then  sud- 
denly take  flight. 

The  laying  of  eggs  has  not  been  observed,  but  it  probably  takes  place 
during  June  and  July.  In  the  case  of  the  false  redbug  it  may  be  deferred 
until  September. 

INJURY   to  the   fruit 

While  the  most  conspicuous  work  of  the  redbug  is  foimd  on  the  leaves, 
this  damage  is  very  slight.  Those  leaves  that  are  badly  ptmctured  early 
in  the  season  become  curled,  and  in  some  cases  drop  off  (Fig.  100). 
A  little  later  the  bugs  attack  the  tender  leaves  at  the  tips  of  the  growing 
branches,  and  frequently  stop  growth  by  their  punctures. 

The  principal  injuly,  however,  is  caused  by  the  puncttu-es  in  the  young 
fruit.  The  apples  are  then  very  small,  and  the  four  sharp  bristles  of  the 
bug's  beak  penetrate  quite  to  the  center.  The  picture  on  the  cover  page, 
which  is  from  a  photograph  taken  by  Professor  Slingerland,  shows  a 
nymph  feeding  on  a  young  apple.  The  plant  tissue  around  each  puncture 
becomes  discolored  and  hardens  (Fig.  98).  Many  of  the  pttnctttred 
apples  fall  to  the  ground,  others  dry  up  on  the  trees;  the  remainder  mattire, 
but  they  are  badly  deformed  and  are  rendered  tmmarketable  (Figs.  96 
and  97).    Sometimes  a  drop  of  gum  oozes  from  each  pimcture  (Pig.  99). 

When  first  reported  in  the  Syracuse  orchard,  the  injury  was  prin- 
cipally ccMafined  to  Rhode  Island  Greenings;  recently,  however,  redbugs 
have  attacked  Pumpkin  Sweets  (Pound  Sweets),  Ben  Davis,  and  Northern 
Spies.  In  1908  the  injury  in  the  Syracuse  orchard  amoimted  to  twenty- 
five  per  cent  of  the  crop.  In  the  same  year  the  entire  crop  of  Rhode 
Island  Greenings  in  the  Frear  orchard  near  Ithaca  was  destroyed.  Nearly 
all  the  yoimg  apples  of  this  variety  were  ptmctured,  and  dropped  early 
in  the  season;  other  varieties  in  the  same  orchard  were  only  slightly  injured. 
D.  B.  Weaver,  of  Waterloo,  New  York,  states  that  during  past  years  the 
injury  in  his  orchard  has  amounted  to  about  one  thousand  dollars  a  year. 
B.  H.  Henion,  of  Brockport,  estimates  his  yearly  loss  at  from  three  to 
five  htmdred  dollars.  In  1909  the  presence  of  aphids  in  great  numbers 
made  any  estimate  of  the  extent  of  redbug  injury  almost  impossible. 
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distribution     ■ 

Both  species  are  generally  distributed  throughout  the  apple-growing 
section  of  New  York.  Reuter  reports  the  redbug  from  Glen  Ellyn, 
Illinois,  and  from  Golden,  New  York.  Both  species  have  been  reared  in 
the  Insectary  from  apple  twigs  sent  from  Brockport,  Syracuse,  La  Fayette, 
Batavia,  Waterloo,  West  Palmjn-a,  and  Albany.  Dr.  Uhler,  in  a  letter  to 
Professor  Slingerland,  states  that  the  insect  was  studied  by  Dr.  Asa  Fitch 
at  Salem,  New  York,  but  that  his  observations  were  never  published. 
The  false  redbug  is  recorded  by  Reuter  from  Hamburg,  Gowanda,  and 
Golden,  New  York.  Injuries  to  apples  caused  by  redbugs  have  been 
reported  also  from  New  Jersey,  Michigan,  and  Ontario  (Ganada).  Both 
species  appear  to  be  native  to  America,  and  probably  originally  fed  on 
the  wild  thorn. 

A  species  closely  related  to  the  redbug  occurs  in  Japan,  where  it  is 
known  as  the  Ringokuragama  {Meter ocordylus  flavipes  Matsimia).  An 
interesting  accoimt  of  its  habits  is  given  by  I.  Nitobe  in  the  Insect  World, 
vol.  X,  no.  I,  January,  1906.  The  following  is  a  free  translation  of  a 
part  of  this  paper,  which  is  in  Japanese  :  "  The  eggs  hatch  right  after 
the  bursting  of  the  buds.  At  first  the  nymphs  pimcture  the  young  leaves 
and  stems  and  feed  on  the  sap.  During  the  season  of  blossoming  they 
gather  on  the  flowers,  and  later  on  the  yoimg  and  immature  fruits.  When 
the  skin  of  the  fruit  becomes  hard  they  return  to  the  leaves,  which  they 
injure  considerably.  If  two  or  three  insects  gather  on  a  leaf  the  develop- 
ment of  the  leaf  is  disturbed;  in  case  of  four  or  five  insects  the  develop- 
ment of  the  leaf  is  entirely  stopped.  The  parts  of  the  leaf  that  are  bitten 
never  recover,  and  remain  curled.  The  portion  of  the  fruit  pimctured 
remains  undeveloped,  and  thus  the  fruit  is  deformed." 

From  the  fact  that  this  Japanese  insect  belongs  to  the  same  genus 
as  the  American  redbug,  and  from  their  close  similarity  in  habits,  it  was 
at  first  thought  that  they  were  identical.  However,  T.  Shiraki,  Govern- 
ment Entomologist  of  Formosa,  who  examined  our  specimens,  pronoimces 
them  distinct. 

FOOD   PLANTS 

The  writer  has  foimd  redbugs  feeding  abundantly  on  wild  thorn,  and 
Dr.  E.  P.  Van  Duzee  states  in  a  letter  that  he  found  the  adults  abimdant 
on  thorn  trees,  where  they  appeared  to  be  feeding  on  aphids.  Mr.  Nitobe 
states  that  in  Japan  H,  flavipes  occurs  on  the  pear  as  well  as  on  the  apple. 

METHODS   OP    CONTROL 

The  redbugs  are  sucking  insects.  They  do  not  feed  by  chewing  parts  of 
the  plant,  but  suck  the  sap  through  the  tube  formed  by  the  four  slender 
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bristles  of  the  beak.  For  this  reason  it  is  impossible  to  kill  them  by 
poisoning  their  food  with  an  arsenical  spray.  Such  insects  can  be  con- 
trolled only  by  sprays  that  kiU  by  contact. 

In  these  experiments  no  attempts  were  made  to  kill  the  adults,  since 
they  are  relatively  few  in  number  and  at  the  time  of  their  appearance 
the  trees  are  in  full  foHage.  making  it  practically  impossible  to  hit  them. 

The  eggs  are  so  inserted  in  the  bark  that  the  embryo  develops  at  some 
distance  from  the  surface,  where  it  is  impossible  to  destroy  the  insects  by 
any  application  to  the  bark.  Knowing  that  just  at  the  time  of  hatching 
the  nymphs  are  very  delicate  and  tender,  an  attempt  was  made  to  kill 
them  by  coating  the  bark  thoroughly  with  the  lime-stdfur  wash  just 
before  the  time  of  hatching.  Two  trees  of  Rhode  Island  Greenings  in 
the  midst  of  a  badly  infested  orchard  were  chosen  for  this  purpose.  They 
were  sprayed  on  April  24  with  commercial  lime-sulfur,  diluted  1-8. 
The  experiment  was  tmsuccessful,  as  the  nymphs  appeared  on  these  trees 
as  abundantly  as  on  those  not  treated. 

Professor  Slingerland  (Proceedings  of  the  New  York  State  Fruit  Growers* 
Association,  1909,  page  123)  suggested  that  redbug  nymphs  might  be  con- 
trolled with  a  strong  soap  or  kerosene-emulsion  spray  applied  just  before 
the  blossoms  open.  In  1909  experiments  along  this  line  were  conducted 
in  three  orchards,  but  owing  to  the  destructive  outbreak  of  the  apple 
aphis  and  to  other  causes  no  definite  conclusions  could  be  drawn  from 
them.  It  was  learned,  however,  that  the  nymphs  are  very  hard  to  kill 
with  either  whale-oil  soap  or  kerosene  emulsion,  and  that  commercial 
whale-oil  soap  is  very  likely  to  bum  young  apple  foliage. 

In  1909  a  few  small  experiments  were  made  against  the  young  nymphs, 
using  commercial  lime-sulfur  diluted  1-30.  No  insects  were  killed  unless 
the  liquid  was  applied  so  freely  as  to  practically  drown  them. 

In  1 9 10  these  experiments  were  repeated  on  a  larger  scale,  using  whale- 
oil  soap  and  nicotine  preparations. 

Whale-oil  soap 

Whale-oil  soap  is  really  a  fish-oil  soap,  but  as  the  older  name  is  retained 
by  the  manufacturers  there  is  less  confusion  if  it  is  called  by  that  name. 
In  order  to  determine  the  amotmt  of  burning  caused  by  whale-oil  soap 
when  applied  to  very  young  apple  foliage,  tests  were  made  with  three 
brands  of  the  commercial  product.  In  each  case  there  was  more  or  less 
injury,  but  with  only  one  brand  was  it  severe. 

Dr.  L.  L.  Van  Slyke  (New  York  [Geneva]  Agr.  Exp.  Sta.  Bulletin  257, 
1904)  has  shown  that  the  burning  of  foliage  by  whale-oil  soap  is  caused 
by  the  presence  of  an  excess  of  free  or  imcombined  alkali.  The  writer 
applied  to  several  soap  manufacturers  for  samples  of  whale-oil  soap  free 
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from  tmcombined  alkali,  but  was  unable  to  obtain  any.  One  firm  replied 
that  whale-oil  soap  is  a  resultant  by-product  and  therefore  not  tmiform 
in  strength,  and  that  the  amotmt  of  alkali  must  vary  with  the  conditions 
met  with  in  'making.  Another  wrote,  **  Manufacturing  the  product 
commercially,  it  is  impossible  to  eliminate  the  free  alkali."  This  seemed 
strange  in  the  light  of  Dr.  Van  Slyke's  work  in  making  whale-oil  soap 
at  home.  In  order  to  try  it  here,  the  writer  bought  the  necessary  material 
and  made  twenty  poimds,  following  Eh*.  Van  Slyke's  directions.  It  was 
found  to  be  a  very  easy  and  simple  operation,  and  the  soap  was  practically 
free  from  tmcombined  alkali  and  was  considerably  less  expensive  than 
that  on  the  market.  When  tested  on  young  apple  foliage  in  comparison 
with  the  commercial  brands,  the  homemade  soap  caused  no  burning 
whatever.  These  tests  were  made  soon  after  the  buds  opened  and  just 
before  the  proper  time  to  spray  for  the  redbug  nymphs.  While  this 
homemade  soap  was  safe  to  use  on  the  foliage,  neither  it  nor  any  of  the 
commercial  brands  were  effective  in  killing  the  nymphs. 

Nicotine  preparations 

Failing  to  get  satisfactory  results  from  the  use  of  either  kerosene  emtdsion 
or  whale-oil  soap,  certain  tobacco  preparations  were  tried.  In  the  pre- 
liminary experiments,  "black  leaf,"  "  nico-fume,"  and  "black  leaf  40" 
were  used,  and  these  were  found  effective  at  the  following  strengths : 
"black  leaf"  diluted  1-65,  "nico-fume"  diluted  1-700,  and  "black  leaf 
40  "  diluted  1-8 16.  In  later  experiments  which  were  conducted  on  a 
larger  scale,  only  "black  leaf "  and  "  black  leaf  40  "were  used.  Both 
proved  effective  at  the  strengths  indicated  above  when  once  the  nymphs 
were  thoroughly  wet  with  the  spray.  Following  a  suggestion  of  Professor 
C.  P.  Gillette  (Journal  of  Economic  Entomology,  vol.  iii,  page  210), 
the  writer  found  that  the  addition  of  about  2  pounds  of  soap  to  each 
50  gallons  of  the  liquid  made  it  spread  better,  and  that  in  a  measure  it 
lost  its  tendency  to  collect  in  small  drops  without  wetting  the  insect. 

D.  B.  Weaver,  of  Waterloo,  New  York,  whose  orchard  was  badly  in- 
fested by  redbugs,  used  "  black  leaf  "  at  the  rate  of  i  gallon  in  100  gallons 
of  dilute  lime-sulfur  to  which  arsenate  of  lead  had  been  added,  and 
reports  excellent  results  in  the  control  of  redbugs.  This  combination  has 
since  been  tried  on  a  large  scale  by  many  growers,  and  has  been  found 
thoroughly  satisfactory. 

How  to  spray  for  redbugs 
The  results  of  the  writer's  experiments  show  that  the  young  n)rmphs 
may  be  killed  by  an  application  of   "black  leaf  40"  tobacco  extract 
diluted  at  the  rate  of   i  pint  in  100  gallons  of  water.    The  eflSdency 
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of  this  spray  is  increased  by  the  addition  of  about   4  pounds   of  soap 
to  each  100  gallons. 

The  majority  of  the  eggs  of  the  redbug  hatch  after  the  opening  of 
the  leaves  of  the  fruit  buds  and  before  the  blossoms  open.  The  condition 
of  the  foliage  at  this  time  is  shown  in  Figure  loi.  The  first  application 
of  the  spray  should  be  made  just  before  the  blossoms  open  and  while  the 
nymphs  are  small,  soft,  and  tender.  The  condition  of  the  blossoms  and 
the  foliage  at  this  time  is  shown  in  Figure  102.  This  is  also  the  proper 
time  for  making  the  first  appBcation  for  apple  scab.     The  foliage  is  not 


Fig.  102. — Time  for  first  application  for  redbugs 

SO  far  developed  as  to  give  the  bugs  as  much  protection  as  is  the  case 
if  the  spraying  is  deferred  imtil  after  blossoming.  As  the  eggs  of  the 
false  redbug  and  some  of  those  of  the  redbug  hatch  during  the  time 
when  the  trees  are  in  blossom,  a  second  application  may  sometimes  be 
necessary  just  after  the  blossoms  fall.  At  this  time  the  tobacco  prep- 
aration may  be  added  to  the  lime-sulfur  and  arsenate  of  lead  as  used 
for  apple  scab  and  for  codling  moth.  If  the  insects  are  extremely  abim- 
dant,  however,  it  is  necessary  to  use  such  large  quantities  of  the  liquid 
that  the  lime-sulfur  may  injure  the  foliage;  in  such  cases  a  separate  ap- 
plication should  be  made  for  redbugs,  using  the  tobacco  extract  with  water 
and  soap. 
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In  spraying  for  redbugs,  the  greatest  thoroughness  is  necessary.  It 
must  be  remembered  that  the  spray  kills  by  contact  only,  and  that  in 
order  to  get  satisfactory  results  each  insect  must  be  hit  with  enough 
liquid  to  wet  it  thoroughly.  A  general  spray  directed  at  the  whole  side 
of  the  tree  will  leave  many  parts  tmtouched.  A  good  plan  to  follow  is 
to  spray  the  tree  branch  by  branch,  starting  at  the  top  and  following 
each  branch  down  toward  the  trunk.  A  fairly  coarse  nozzle  should  be 
used,  with  moderate  pressure  —  that  is,  100  to  120  poimds. 
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Fig.  I. —  Relative  location  of  oviduct  in  body  of  fowl:  a,  heart;  b,  ovary  tissue;  c, 
undeveloped  yolks;  d,  empty  yolk  sac;  e,  funnel  opening  into  oviduct;  f,  albumen- 
secreting  region  of  oviduct  with  yolk  inside;  g,  uterus  with  completed  egg  inside; 
h,  vagina;  i,  cloaca;  j,  end  of  large  intestine;  k,  one  side  of  pelvic  arch 
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THE  INTERIOR  QUALITY  OF  MARKET  EGGS 

Earl  W.  Benjamin 

{Received  for  publication  June  i,  1914) 

It  is  very  probable  that  comparatively  few  persons  understand,  as 
thoroughly  as  they  wish,  the  processes  and  factors  concerned  in  the  pro- 
duction and  handling  of  eggs  for  use  as  food.  During  the  last  few  years 
it  has  become  generally  known  that  eggs  are  greatly  affected  by  the  con- 
ditions under  which  they  are  kept,  as  well  as  by  the  length  of  time  they  are 
kept.  The  reasons  for  this,  the  changes  that  occur,  and  the  methods  of 
detecting  the  interior  quality  of  the  eggs,  should  be  more  thoroughly  under- 
stood by  every  one  who  is  concerned  with  the  production  or  consumption 
of  eggs. 

The  purpose  of  this  bulletin  is  to  give  to  producers  and  consumers 
some  information  relative  to  the  interior  quality  of  eggs.  To  the  former 
this  is  given  so  that  they  will  be  able  to  produce  the  quality  that  is 
demanded ;  to  the  latter,  so  that  they  will  be  able  to  buy  more  economically, 
and  will  know  what  properties  to  demand  in  market  eggs.  It  is  hoped 
that  the  bulletin  may  serve  as  a  reference  for  purchasers  and  as  a  guide 
for  producers  and  market  men.* 

THE  PHYSIOLOGY  OP  EGG  PRODUCTION 
Each  normal  egg  of  the  domestic  fowl  contains  every  essential  for  the 
maintenance  of  life  and  the  development  of  a  normal  embryo  during 
a  period  of  twenty-one  days.  Every  time  a  hen  lays  a  fertile  egg 
she  reproduces  herself.  An  egg  must  therefore  be  of  complex  structtu^, 
and  a  study  of  the  nature  of  the  different  parts  should  lead  to  an  under- 
standing of  how  to  handle  eggs  in  order  to  keep  them  in  the  best  possible 
condition. 

The  egg-produdng  organ  of  the  domestic  fowl,  the  oviduct  (Pigs,  i 
and  2),  is  located  in  the  rear  part  of  the  body  cavity.  It  is  in  this  organ 
that  the  egg  structure  shown  in  Pigure  4  is  completed.  The  yolk  of  the 
egg  is  the  first  part  to  develop;  this  process  takes  place  in  the  ovary, 
which  is  located  dose  to  the  backbone  of  the  fowl.  The  ovary  contains 
many  hundreds  of  minute  yolks  (Fig.  2,  /).  If  a  normal  fowl  is  killed 
while  in  laying  condition,  these  yolks  are  found  in  all  stages  of  develop- 
ment. Each  yolk  is  enclosed  in  a  sac,  or  follicle,  through  which  it 
obtains  its  nourishment  while  developing. 

>  Shortly  before  the  maniucript  of  this  butletis  was  completed,  the  writer  received  a  oopv  of  Banetin 
51  of  the  United  Sutes  Depanment  of  Agriculture,  entitled  A  Study  of  Commercial  Eggs  tn  the  Central 
West.  If  readers  of  this  publication  wish  to  obtain  further  information  relative  to  the  bacteriological 
'  mical  study  of  the  various  types  of  eggs  discussed  herein,  they  will  do  wall  to  read  this  new  bttUetint 
I  baa  been  prepared  under  the  directaon  of  Dr.  M.  B.  Pennington. 
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When  the  yolk  becomes  mature  (Fig.  2,  j),  the  fumiel-shaped  opening 
of  the  oviduct  (Fig.  2,  7)  rises  and  envelops  the  yolk  sac.  The  yolk  sac 
then  splits  along  the  suture  line  (Fig.  2,  4)  and  allows  the  yolk  inclosed 
in  its  vitelline  membrane  to  escape  and  begin  its  passage  through  the 
oviduct  (Fig.  2,  5).  If  the  egg  is  to  be  fertilized,  the  fertilization  occurs 
just  after  the  yolk  has  entered  the  oviduct  and  before  any  of  the  albimien 
is  deposited.  As  soon  as  the  yolk  escapes  from  the  yolk  sac,  the  sac 
contracts  and  usually  remains  as  unabsorbed  tissue  (Fig.  2,  5).  Some 
experimenters  have  found  that  the  approximate  number  of  eggs  pro- 
duced by  a  fowl  can  be  roughly  determined  by  counting  the  number  of 
empty  yolk  sacs  in  the  ovary .^ 

About  forty  per  cent  of  the  white,  or  albumen,  of  an  egg  is  said  to  be 
laid  on  the  yolk  as  it  passes  down  through  the  upper  half  of  the  oviduct. 
The  albumen  deposited  at  this  time  probably  represents  the  two  dense 
inner  layers  of  albumen  and  the  chalazae  (Fig.  2,  10), 

After  the  yolk  has  passed  this  albumen-forming  region,  it  passes  into 
the  isthmus,  where  the  shell  membranes  are  added  with  ten  to  twenty 
per  cent  more  albumen.  By  this  time  the  egg  is  beginning  to  assume  its 
final  size  and  shape,  and  it  now  passes  into  the  uterus,  where  the  remainder 
of  the  albumen,  about  forty  per  cent,  is  added,  and  the  shell  is  formed 
(Fig.  2,  14).  The  egg  then  passes  through  the  vagina,  where  some  of  the 
shell  pigment  and  the  outer  gelatinous  coating  of  the  shell  are  probably 
added.     Then  it  is  ready  for  expulsion  from  the  body,  through  the  cloaca. 

The  various  sets  of  glands  on  the  oviduct  wall  may  be  noted  in 
Figure.  3.  These  glands  excrete  their  substance  when  irritated  by  the 
approach  of  the  incompleted  egg  through  the  oviduct.  Some  observers 
have  found  that  eggs  expelled  from  the  body  prematurely  were  insuffi- 
ciently colored,  due  probably  to  their  rapid  passage  through  the  vagina. 

The  shape  of  the  normal  egg  is  probably  determined  by  many  factors, 
including  the  tension  of  the  oviduct  walls  and  the  size  of  the  egg. 
If  we  consider  the  shape  of  the  egg  to  be  the  result  of  the  physical 
forces  in  the  oviduct  walls,  tending  to  push  the  egg  forward,  it  is  the 
natural  assumption  that  these  forces  would  tend  to  make  the  rear  of 
the  egg  pointed.  Nearly  all  authorities  agree,  however,  that  the  egg 
is  not  always  laid  blunt  end  foremost.  This  would  indicate  that  the 
foregoing  theory  of  forces  is  at  fault,  or  that  the  position  of  the  egg 
often  becomes  reversed  in  the  uterus. 

THE  STRUCTURE  OF  A  NORMAL  EGG 
The  structure  resulting  from  the  processes  just  described  is  shown  in 
Figure  4.    The  yolk  is  gradually  developed  in  the  yolk  sac  by  the  addition 

s  Much  work  along  this  line  has  been  done  at  the  Maine  Agrictdtural  Experiment  Station,  by  Dr.  Ray- 
mond  Pearl  and  his  assistants. 
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Pig.  2. —  Omduct  of  a  laying  hen:     i,  ooary,  with  minute  ovules;  2-j 
4,  suture  line;  5,  empty  yolk  sac;  7,  funnel  opening  into  oviduct;  8,  yolk 
9,  albumen  secreting  region;  10,  albumen  being  secreted;  11,  yolk  passing  through 
oviduct;  12,  germinal  disk;  i^,  isthmus;  14,  uterus;  15,  large  intestine;  17,  cloaca 
On  the  ri^t'hand  side  of  the  figure  are  shown,  from  the  top  downward:    complete 
^ii;  yolk  of  egg  incubated  for  sixteen  hours;  completed^  egg  in  uterus — (i)  isthmus, 
(2)  glands  of  uterus,  (3)  complete  egg,  (4)  vagina,  (8)  cloaca 
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of  concentric  layers  of  yellow  yolk  around  an  inner  vesicle  of  white  yolk. 
According  to  Lillie,  the  yellow  yolk  is  laid  on  daily  in  regiilar  layers, 
separated  by  very  thin  strata  of  the  white  yolk.  As  the  yellow  yolk  is 
laid  on,  the  germinal  disk  moves  gradually  outward,  always  remaining 
close  to  the  vitelline  niembrane.    This  moving  disk  leaves  a  path  behind 

it,  filled  with  white  yolk, 
across  which  no  yellow  yolk 
is  deposited.  Professor  C. 
A.  Rogers  has  foimd  that 
about  fourteen  days  are 
required  for  the  full  develop- 
ment of  the  yolk  from  its 
original  minute  size.  The 
layers  vary  in  thickness,  as 
might  be  expected,  probably 
owing  to  physical  concfitions 
of  the  bird,  rate  of  laying, 
and  the  like.  When  the  yoUc 
is  mature  the  germinal  disk 
appears  as  a  light-colored  spot 
on  the  surface. 

The  first  albumen  to  be 
deposited  on  the  yolk  is  the 
very  thin,  dense  layer,  close 
to  the  vitelline  membrane 
and  continuous  with  the 
chalazae.  The  chalazae  are 
attached  at  opposite  sides  of 
the  yolk,  extending  out  into 
the  albumen  toward  the  ends 
of  the  egg.  The  size  and 
position  of  the  chalazae  vary 
in  different  eggs;  they  may  be 
twisted  up  close  to  the  vitel- 
line membrane  or  extended 
out  into  the  thin  albumen. 
A  white,  fibrous  thread  usually 
runs  through  the  center  of  the  chalazae,  and  this  is  surrounded  by  the 
dense,  partially  transparent  albtmien.  In  normal  eggs  the  yolk  is  lighter 
than  the  albtimen,  and  tends  to  rise  and  stick  to  the  shell;  in  very 
stale  eggs  the  yolk  tends  to  sink.  The  chalazae  act  as  a  drag  in  either 
case,    preventing  any  rapid  change  in  the  position  of  the  yolk.    The 


Fig.  3. —  Interior  view  of  complete  oviduct:  a, 
funnel  opening  into  oviduct;  b,  albumen-secret- 
ing region;  c,  line  of  division  between  albumen- 
secreting  region  and  isthmus;  d,  isthmus;  e, 
uterus;  f,  vagina;  g,  cloaca;  h,  large  intestine 
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chalazae   allow    the    yolk   to    spin   on    the   longitudinal    axis    of   the 

egg;  this  allows  the  yolk  to  always  swing  around  so  that  the  germinal 

disk  is  on  the  upper  side, 

which  is  essential  in  order 

that     the     germ    may 

receive     the     maximum 

amount  of  heat  from  the 

sitting  hen  or   the  incu- 
bator. 
Next  to  the  dense  inner 

layer  of  albumen  there  is 

a    thicker    middle    layer 

having  some  what  less 

density.    This  layer  varies 

in  thickness  and  may  be 

distinguished  by  its  jelly- 
like appearance  when  the 

egg  is  opened  into  a  dish. 

The  third,  or  outer,  layer 

of  albumen,  next  to  the 

shell  membranes,  is  very 

watery  and  transparent. 

The  inner,   outer,   and 

middle  layers  make  up  the  albumen,  or  white,  of  the  egg.     Outside  of 

the  albumen  are  the  inner  and  the  outer  shell   membranes,  which  are 

added  in  the 
isthmus(Fig.2). 
These  consist 
of  a  network  of 
organic  fibers 
(Fig.  5).  The 
inner  mem- 
brane is  of  finer 
texture  than 
the  outer  one, 
although  the 
fibers  in  both 
are  nearly 
transparent. 
The  two  mem- 


FlG.  4.—  Structure  of  an  egg:  A,  shell;  B,  outer  shell 
membrane;  C,  inner  shell  membrane;  D,  air  cell;  E, 
outer  thin  portion  of  albumen;  F,  middle  jelly-like 
portion  of  albumen;  G,  inner  dense  portion  of  albumen; 
H,  vitelline  membrane;  I,  chalaza;  J,  thtn  film  of 
white  yolk  inside  of  vitelline  membrane;  K,  layers  of 
yellow  yolk  separated  by  thin  layers  of  white  yolk;  L, 
germinal  disk;  M,  central  part  of  yolk  filled  with  white 
yolk;  N,  slender  tube  connecting  center  of  yolk  with 
region  of  germinal  disk 


Fig.  5. —  Sheil  membranes  of  an  egg  {highly  magnified).  A,  Inner 
shell  membrane.  Note  the  fine  cellular  structure.  The  cells  are 
bound  together  by  many  intertwining  fibers.  B,  Outer  shell  mem^ 
brane.  This  is  much  coarser  in  structure  than  the  inner  mem^ 
brane.     The  fibers  are  very  transparent 


branes  serve  to  protect  the  contents  of  the  egg  from  outside  sources 
of  contamination. 
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The  shell  (Fig.  6)  is  a  calcareous  deposit  added  to  the  outei-  shell  mem- 
brane in    the    uterus.     The   shell   seems   to   consist   of   three   layers, 

as  stated  by  Lillie. 

When  the  egg  is  first  laid,  it  is 
completely  filled;  but  as  soon  as  it 
cools,  the  contents  contract  and  an 
air  space  is  formed,  usually  between 
the  two  shell  membranes  and  at 
the  point  where  these  easily  divide. 
This  air  space  usually  forms  at  the 
large  end  of  the  egg,  and  is  about 
one  half  inch  in  diameter  in  the 
normal  egg. 

A  part  of  the  characteristic  pig- 
ment   and    all    of    the    bloom,   or 
gelatinous    coating,   of   the   egg,   is 
Pig.  (^-SheU  structure  of  an  egg  {highly  secreted  in  the  vagina.    This  outside 
magmfied)  .  ^  ^         .  1. 

I,  Cross  section  of  eggshell:  A,  gelat-  pigment  may  be  removed  with 
inous  coating  over  the  sheU;B  outer  sandpaper  or  any  similar  abrasive 
porous  layer   of  shell;    C,   middle  gran-        ,  r«,  i     . 

ular  portion  of  shell;  D,  inner  crystal-  substance.  The  gelatmous  coatmg 
line  layer  ofsheU;  E,  inner  face  of  sheU,  -^  ^^y  dissolved  by  water  or  adds. 
shown  in  11  ^,  .  .  r  ^         i 

II,  Inner  face  of  eggsheU.  F,  hexagonal  The  composition  of  hens  eggS  IS 
section  of  crystal     This  inner  face  show^  somewhat  variable,  but  is  approxi- 

the    tndefintte   outlines   of  the  crystalline  .  .     rr*     < 

structure  of  the  inner  layer  of  the  shell         mately  as  given  m  Table  I : 


TABLE  I.— Composition  of  Hens*  Eggs 


• 

Yolk 
(percentage) 

White  of  egg 
(percentage) 

Whole  egg 
(percentage) 

Water 

46-52 
30-35 
14-  16 

80-88 
Traces 
10-  13 

70-76 

9-14 

10-  15 

9-12 

Fat 

Protein -• 

Shell  and  shell  membranes 

From  Table  i  it  is  seen  that  the  whole  egg  usually  contains  over  ten 
per  cent  of  fat.  Nearly  all  of  this  fat  is  in  the  yolk,  and  obviously  the 
fowl  must  have  a  surplus  of  fat  before  the  yolks  can  begin  to  develop. 
The  eggs  of  ducks,  geese,  turkeys,  guinea  fowls,  and  other  birds  vary 
to  some  extent  from  the  analysis  noted  above,  but  the  differences  are  slight. 

The  detailed  analysis  of  hens*  eggs  which  follows  is  taken  from  Simon's 
textbook  of  physiological  chemistry: 
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Analysis  of  shell  (9  -  11  per  cent  of  whole  egg) 

Percentage 

Calcium  carbonate 90.00 

Magnesium  carbonate Small  amount 

Calcium  and  magnesium  phosphate Small  amounts 

Water i.oo 

Analysis  of  albumen  (60.5  per  cent  of  whole  egg) 

Percentage 

Water 80.00  -  86.68 

Solids / 13. ,^2  -20.00 

Albumins 11.50-  12.27 

Extractives 0.38-   0.77 

Glucose o.io-   0.50 

Fats  and  soaps Traces 

Mineral  salts 0.30  -   0.66 

Lecithins  and  cholesterin Traces 

The  mineral  ash  of  the  albumen  has  been  found  by  Poleck  and  Weber  to  consist  of: 

Percentage 

Soditmi  (NaaO) 23.56-32.93 

Potassium  (ICO) 27.66-28.45 

Calcium  (CaO) i  •  74  -   2 .90 

Magnesium  (MgO) 1.60-   3.17 

Iron   (FetOi) 0.44-   0.55 

Chlorine  (Q) 23.84-28.56 

Phosphoric  acid  (P«0») .316-   4. 83 

Carbonic  acid  (COi) 9.67  -  11 .60 

Sulphiuic  acid  (SOi) i  .32  -   2 .63 

Silicic  acid  (Si(i) 0.28  -    0.49 

Fluorine  (Fl) Traces 

Analysis  of  the  yolk  (29  per  cent  of  whole  egg) 

According  to  Gautier  we  have  the  following: 

Percentage 

Water 47. 19  -  51 .49 

Solids 48.51-42.81 

Fats  (olein,  pahnitin,  and  stearin) 21 .30  -  22 .  84 

ViteUin  and  other  albumins 1563  -  15.76 

Lecithins 8-43  ~  10.72 

Cholesterin 0.44  -    i . 75 

Cerebrin 0.30 

Mineral  salts 3.33  -   0.36 

.     Coloring  matter  > 

Glucose              / ^-553 

Pbleck  and  Weber  also  give  the  following  as  the  analysis  of  the  mineral  salts  of  the 
yolk: 

Percentage 

Sodium  (NatO) 5- 12  -   6.57 

Potassium  (K»0) 8.05  -   8.93 

Calcitmi  (CaO) 12.21  -  13.28 

Magnesium  (MgO) 2. 07-   2. 11 

Iron  (Fe.a) i .  19  -    i  .45 

Phosphoric  acid,  free  (PiO*) 5. 72 

Phosphoric  acid,  combined 63.81  -  66.70 

Silicic  add  (SiO,) 0.55  -    i  .40 

Chlorine Traces 

According  to  Simon,  the  shell  is  made  upof  an  organic  matrix  of  the  nature  of  keratin. 
This  matrix  is  largely  impr^nated  with  hme  salts.    The  pigments  of  the  shell  are  said 


Digitized  by  VjOOQ IC 


504  Bulletin  353 

to  be  derived  from  the  common  pigment  of  blood.  The  shell  membranes  are  also 
composed  largely  of  keratin,  with  a  small  amount  of  mineral  salts,  principally  cadcitmi 
phosphate.  The  white  of  the  egg  is  supposed  to  consist  of  compartments  which  are 
divided  by  thin  membranes  and  which  contain  the  liquid  albumen.  These  membranes 
are  continuous  with  the  chalazse  and  the  shell  membranes.  The  yolk  consists  largely 
of  spherical  cells,  most  of  which  are  filled  with  fat. 

METHODS  OF  STUDYING  THE  INTERIOR  QUALITY  OP  EGGS 

The  interior  quality  of  eggs  may  be  judged  in  various  ways.  If  the 
air  cell  is  broken  so  that  the  inclosed  air  merely  forms  a  loose  air  bubble 
in  the  albumen,  the  contents  of  the  egg  will  pound  slightly  when  the  egg 
is  held  in  the  hand  and  shaken  vigorously.  This  is  a  common  test,  and 
^ggs  that  shake  in  this  way  are  often  said  to  be  rotten;  however,  they 
may  be  only  evaporated.  If  the  air  cell  is  large,  the  egg  should  be  handled 
very  carefully  or  the  inner  shell  membrane  will  invariably  be  broken, 
thus  liberating  the  air  as  a  bubble. 

A  fairly  accurate  method  of  learn- 
ing the  amount  of  evaporation  that 
eggs  have   undergone   is  by   placing 
them  in  a  dish  of  water  (Fig.  7).     A 
fresh  egg  will  lie  nearly  flat  on  the 
bottom  of  the  dish,  but  if  the  egg  is 
Fig.  7,—  The  specific  gravity  test  for  stale  slightly  evaporated   the   end  bearing 
eggs,  a  A  very  fresh  egg.  Note  the  small   the  air  cell  will  tip  up  slightiy .      This 
atr  cell  and  the  nearly  horizontal  post-  .  »  »  *     * 
tion  of  the  egg  when  immersed  in  water,   tendency  to  tip  up  mcreases  with  the 

b,  Slight  evaporation  causes  the  egg  to  tip.  degree  of  evaporation,   until  a  very 

c,  Badly  evaporated  eggs  stand  on  end,        **  .  ^   .  .no 

d,  Very  badly  evaporated  eggs  float,  much  evaporated  egg  will  float  on 
eMn  egg  so  badly  dried  that  it  ts  not  ^i^g  surface  of  the  water.  This  is  a 
fit  for  use  4     «    ,  ,  ,41 

method  that  can  be  used  by  the  con- 
sumer, but  it  does  not  show  interior  quality  except  so  far  as  evaporation 
is  concerned. 

Mottled  shells  are  often  said  to  denote  age  in  eggs,  but  this  is  true  only 
to  a  limited  extent.  Black  rots  can  sometimes  be  distinguished  by  a 
grayish  appearance  of  the  shell.  If  the  shells  are  very  smooth  and  glossy, 
this  usually  means  that  the  eggs  have  been  incubated  for  a  considerable  time. 
If  the  shells  are  stained,  the  eggs  have  been  in  contact  with  moisture  and 
are  usually  inferior.  If  eggs  are  cleaned  with  acid,  the  shells  appear  very 
porous.  Eggs  cleaned  in  this  way  or  by  washing  should  usually  be  avoided 
if  possible,  for  they  will  not  keep  well.  Limed  and  water-glass  eggs  will 
usually  bear  deposits  of  the  preservative  in  the  pores  of  the  shell,  and  they 
can  thus  be  distinguished  from  fresh  or  cold-storage  eggs. 

The  best  commercial  method  of  determining  the  interior  quality  of  an 
egg  is  by  the  process  of  candling.     This  process  consists  in  holding  the 
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egg  before  a  bright  light  and  looking  through  it  toward  the  light  as  shown 
in  Figure  8.    After  a  person  has  become  accustomed  to  studying  eggs  in 

this  manner,   nearly  every   fault  can  be    ^ ^„  „,,i^ 

readily  noted  and  understood.  Other  types 
of  candling  devices  are  shown  in  Figures 
9  and  10.  The  chief  requirement  in  a  device 
for  candling  is  that  a  bright  light  shall 
fall  on  the  egg  from  the  side  opposite  the 
observer's  eye.  An  opening  in  a  window 
curtain  or  a  large  funnel  is  often  used  for 
this  purpose,  thus  utilizing  daylight  in- 
stead of  some  artificial  light. 

In  order  to  candle  an  egg  correctly 
it  should  be  held  below  the  eye,  thus 
enabling  the  observer  to  readily  note  the 
size  of  the  air  cell.  The  writer  prefers  a 
position  about  twelve  inches  in  front  of 
and  the  same  distance  below  the  eye.  The 
egg  is  usually  candled  with  the  end  con- 
taining the  air  cell  held  upward;  this  is 
usually  at  the  large  end  of  the  egg.  As 
the  egg  is  placed  before  the  light  it  should 


Fig.  8, —  Egg  candler  at  work. 
This  shows  a  desirable  arrange' 
mcnt  for  a  candling  room 


he    given  a    quick    twist,   the 
qtdcker  the  better,  in  order  to 


Fig.  9. — A  good  candling  apparatus  may  be  made 
by  arranging  an  ordinary  oil  lamp  inside  of  a 
pasteboard  box 


Fig.  10. —  A  cheap  type  of 
candling  apparatus  is  usually 
furnished  with  incubators. 
This  type  may  be  placed  on 
an  ordinary  oil  lamp  in  place 
of  the  regular  chimney 


Start  the  contents  whirling.     This  motion  will  throw  any  meat  spots  and 
the  like  toward  the  shell,  where  they  may  be  better  observed.      It  is 
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almost  impossible  to  candle  eggs  accurately  without  giving  them  this 
single  quick  twist.  Two  eggs  are  usually  held  in  each  hand  by  com- 
mercial candlers;  some  candlers  prefer  more.  Two  to  four  thirty-dozen 
cases  of  eggs  can  be  candled  in  an  hour,  the  speed  varying  according  to 
the  quality  of  the  eggs. 

By  a  little  practice  and  study,  the  housewife  can  spend  a  few  minutes 
in  candling  her  table  eggs  and  can  know  then  approximately  the  causes 
for  all  qualities  observed.  There  are  so  many  causes  by  which  various 
imdesirable  qualities  of  eggs  may  be  produced,  that  it  is  often  desirable 
to  candle  all  eggs  even  though  their  quality  is  apparently  above  suspicion. 

THE  INTERIOR  QUALITY  OP  A  NORMAL  FRESH  EGG 

As  a  standard  to  be  used  for  comparison  with  all  other  eggs,  the 
appearance  of  a  strictly  fresh  egg  (Plate  i,  sects.  2  and  3)'  should  be 
noted.  The  eggs  shown  in  this  illustration  were  only  five  hours  old 
and  were  kept  under  favorable  conditions.  The  term  "  fresh,"  however, 
should  mean  a  definite  quality  rather  than  a  definite  age,  and  will  be 
used  in  the  former  sense  throughout  this  bulletin. 

In  candling  eggs  the  twisted  appearance  of  the  shell  pigment  will  often 
be  noticed  (Plate  i,  sect.  i).  This  appearance  of  the  shell  is  apparently 
due  to  slight  variations  in  the  density  of  the  pigment,  which  are  proba- 
bly formed  as  the  egg  passes  through  the  vagina.  Eggs  from  some  hens 
display  these  lines  much  more  plainly  than  do  those  from  others. 

The  appearance  of  an  egg  before  a  light  is  greatly  affected  by  the  amount 
of  pigment  in  the  shell  and  the  intensity  of  the  light  used.  The  difference 
due  to  the  shell  pigment  is  shown  in  Plate  i,  sections  2  and  3.  All  the  eggs 
shown  in  this  bulletin  were  candled  with  a  twenty-candle-power  tungsten 
electric  light,  which  is  relatively  white.  A  carbon  electric  light  will  give 
a  slight  red  tint  to  an  egg.  An  oil  flame  will  give  still  more  of  a  red  tint. 
A  gas  bimier  with  mantle  will  give  eggs  an  appearance  similar  to  that  shown 
in  the  illustrations  in  this  bulletin,  while  a  gas  fishtail  burner  has  an  effect 
similar  to  that  of  an  oil  flame. 

A  fresh  egg  has  a  very  small  air  cell,  so  small  that  the  light  usually 
does  not  penetrate  it,  and  it  appears  darker  than  the  remainder  of  the  egg. 
Except  for  the  spots  in  the  shell,  the  egg  appears  perfectly  homogeneous. 
The  yolk  appears  as  a  very  dim  shadow  floating  across  the  line  of  vision 
after  the  egg  has  been  twisted  before  the  candle.  As  the  yolk  moves 
around,  there  is  usually  an  indistinct  dark  spot  with  an  accompanying 

*  These  illustrations  of  market  eggs  were  made  from  actual  specimens  of  the  various  grades.  In  each 
case  the  egg  painted  was  selected  as  tyi>ical  of  a  large  lot.  All  e^  bad  white  shells,  except  that  used  for 
Plate  I,  section  3.  The  work  was  well  in  progress  before  the  writer  was  aware  that  Doctor  Pennington 
was  contemplatmg  work  of  a  similar  nature.  Within  a  few  weeks,  a  color  chart,  showing  a  few  of 
the  xmndpal  gracMs  of  eggs  hiM  been  received  from  the  Missouri  Agricultural  Experiment  Station. 
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Fig.  1 1 . —  Rate  of  evaporation  of  hens*  eggs 

I  to  0.  Eggs  that  have  been  hdd  for  one  day^  one  iveekt  two  weeks,  three  weeks^  four  weeks,  jive  weeks, 
six  weeks,  seven  weeks,  and  eight  weeks,  respectively.  The  eggs  were  kept  at  a  living-room  temperature  of 
about  70"  F.,  in  an  open  pasteboard  carto.i.  There  was  no  breeze  blowing  over  tke  eg^s,  and  each  egg 
illustrated  is  typical  of  several  eggs  that  were  examined  at  each  stage;  therefore  this  sertes  represents  the 
normal  resuUs  of  such  holding 

10  to  12.  Eggs  held  for  twelve  weeks,  one  week,  and  one-kalf  week,  respectively,  at  a  temperature  of 
40"  P.  This  is  a  very  good  temperature  at  which  to  hold  eggs  for  short  Periods.  Even  at  twelve  weeks 
of  age  (section  10),  the  egg  is  less  evaporated  than  at  four  weeks  of  age,  if  held  at  a  living-room  temper- 
ature of  70**  F.  (section  5).     Eggs  may  be  held  for  two  weeks  at  40*  F.  without  much  change 

13  and  14.  Each  of  these  eggs  has  been  held  for  six  weeks  at  a  temperature  of  about  50*  ^.  The 
porous  shell  of  the  second  egg  (14)  has  caused  more  rapid  evaporation.  The  porosity  of  the  shell  may  be 
easily  distinguished  in  candling 

15  and.  16.  These  eggs  have  been  held  for  five  weeks  and  for  two  and  one-half  weeks,  respectively,  at 
a  temperature  of  50'  F.  It  should  be  noted  that  the  evaporation  is  more  rapid  than  that  which  took  place 
at  40^  F.,  but  much  slower  than  that  at  to"  F. 
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reflection  of  light,  which  follows  it.  Thig  is  the  outer  end  of  one  of  the 
chalazae,  which  extends  out  close  to  the  shell  and  is  often  mistaken  for 
a  meat  spot  (Plate  i,  sect.  8).  The  meat  spot,  however,  is  darker  and  has 
no  reflection  of  Ught  on  its  edge.  In  the  fresh  egg  the  yolk  appears  to  be 
suspended  well  up  in  the  albumen,  moves  freely,  and  its  deeper  color 
shades  very  gradually  into  the  normal  tone  of  the  albxmien.  The  albumen 
has  a  pink  color,  the  intensity  depending  on  the  shell  pigment. 

The  appearance  of  the  opened  fresh  egg  should  also  be  studied  (Plate 
II,  sect.  25).  The  color  of  the  yolk  is  affected  largely  by  the  feed  given; 
yet,  if  the  egg  is  fresh,  the  yolk  will  have  in  general  a  lighter  appearance 
than  it  will  after  the  egg  has  been  kept  for  a  while.  A  dark  yolk  usually 
denotes  heating.  The  germinal  disk  will  appear  as  a  minute  spot  on  the 
yolk,  as  shown  in  the  upper  right-hand  comer  of  the  yolk  (Plate  11,  sect. 
25).  This  disk  will  show,  no  matter  whether  the  egg  is  fertile  or  infertile, 
although  usually  it  is  not  so  distinct  in  the  latter  case.  It  is  usually 
Ught-colored,  but  may  be  dark.  The  yolk  should  stand  up  round,  due 
to  the  strong  vitelline  membrane.  This  membrane  should  show  no 
wrinkles  nor  signs  of  weakening  that  would  allow  the  yolk  to  flatten 
or  to  flow  into  the  albumen.  The  albumen  is  almost  transparent  and 
stands  up  firm  around  the  yolk.  The  very  thin  inner  layer  of  albumen 
clings  to  the  vitelline  membrane  of  the  yolk  and  is  hardly  visible. 
The  chalazae  are  firm,  usually  twisted  hard,  and-  relatively  dose  to  the 
yolk.  The  middle  layer  of  albtunen  surrounds  the  yolk  closely  and 
appears  as  a  somewhat  jelly-like  mass  merging  gradually  into  the  watery 
outer  layer  which  lies  next  to  the  shell.  No  cloudiness  nor  color  should 
appear  in  the  albumen  of  a  fresh  egg.  The  contents  of  the  egg  should 
have  practically  no  odor  except  the  slight  odor  of  lime,  which  can  usually 
be  detected.  Fresh  eggs  are  usually  free  from  bacteria,  or  nearly  so,  and 
the  chemical  analysis  is  nearly  constant. 

INTERNAL  FACTORS  AFFECTING  THE  INTERIOR  QUALITY 

OF  EGGS 

When  eggs  are  first  laid  they  normally  possess  the  characteristics  of 
perfect  fresh  eggs,  as  has  been  described.  There  are,  however,  various 
abnormalities  that  may  occur,  and,  since  these  abnormalities  are  usually 
detrimental  to  the  quality  of  eggs,  some  of  them  will  be  described  here. 

GENERAL  CONDITIONS 

The  physical  condition  of  the  bird  probably  has  an  effect  on  the  quality 
of  the  egg.  It  is  thought  that  the  size  and  color  of  the  yolk,  percentage  of 
moisture,  condition  of  the  shell,  firmness  and  amount  of  the  albumen. 
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and  various  other  features,  are  affected  by  food,  season  of  the  year,  con- 
dition of  the  bird,  and  the  like. 

Green  food,  yellow  com,  and  general  ranging  seem  to  transmit  a  deep 
color  to  the  yolk.  Such  food  as  white  com,  buckwheat,  and  wheat, 
lack  of  exercise,  and  poor  health,  seem  to  produce  a  pale  yolk.  Any  one 
of  these  factors  may  give  distinct  results.  Excessive  quantities  of  green 
food,  such  as  rape  in  the  early  spring,  sometimes  seem  to  have  a  disastrous 
effect  on  eggs,  causing  the  yolks  to  be  very  dark  in  color  and  to  possess 
an  tmdesirable  odor.  Onions  readily  affect  the  odor  and  the  flavor  of 
eggs.  Cabbage  also  does  this  to  some  extent,  as  do  a  few  other  foods. 
Many  persons  claim  that  they  can  detect  a  difference  in  the  flavor  of  eggs 
when  hens  are  allowed  free  range  where  they  have  access  to  bugs,  worms, 
and  the  like. 

Eggs  produced  during  the  summer  seem  to  have  a  more  watery 
albumen  than  those  produced  during  the  spring.  Watery  eggs  seem  to 
be  of  lower  quality,  and  undesirable  for  cold  storage  or  long  holding. 
In  candling  such  eggs,  the  yolks  seem  to  float  lower  in  the  albumen  and 
appear  slightly  darker  than  in  spring  eggs. 

Certain  hens  probably  have  an  inherited  tendency  to  produce  eggs  of 
inferior  quality.  If  this  is  true  it  will  be  likely  to  remain  as  a  character- 
istic of  the  line  of  descent,  and  the  flocks  must  be  carefully  culled  in  order 
to  eliminate  such  undesirable  birds. 

OVARIAN   CONDITIONS 

Double-yolk  eggs 
Detailed  reports  have  been  made  by  Glaser  of  double-yolk  eggs  resulting 
from  the  joining  of  two  yolk  sacs  during  their  development.  These  sacs 
gradually  develop  one  common  blood  supply,  their  growth  becomes  iden- 
tical or  nearly  so,  and  both  yolks  mature  and  drop  into  the  oviduct  at  about 
the  same  time.  It  is  supposed  that  two  yolks  may  develop  within  the 
same  yolk  sac,  and  sometimes  within  the  same  vitelline  membrane. 

Multigerminal  disks 
Many  yolks  have  more  than  one  germinal  disk,  these  showing  as  several 
round  light  spots  on  the  surface  of  the  yolk.    Only  one  of  these  disks 
usually  shows  development  when  an  egg  is  incubated. 

Misplaced  yolks 
Yolks  are  sometimes  dropped  into  the  oviduct  before  they  are  mature, 
and  thus  appear  as  abnormal  yolks  in  the  completed  egg.    Sometimes 
yolks  are  dropped  outside  the  oviduct  into  the  body  cavity;  they  are 
then  probably  absorbed  by  the  body  tissues  in  most  cases. 
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Blood  clots 

Perhaps  the  commonest  of  the  faults  arising  in  the  ovary  is  the  blood 
dot  (Plate  III,  sect.  23,  and  Plate  v,  sect.  40).  This  is  usually  caused  by 
the  rupture  of  a  blood  vessel  when  the  yolk  sac  spUts  in  order  to  allow  the 
escape  of  the  mature  yolk  into  the  oviduct.  This  rupture  may  be  the 
result  of  such  abnormal  circumstances  as  a  split  occurring  in  some  part 
of  the  yolk  sac  other  than  at  the  suture  line,  or  a  crossing  of  the  suture 
line  by  a  blood  vessel.  Ruptures  of  other  tissues  may  have  a  similar 
effect.  Blood  dots  seem  to  occur  relatively  of tener  during  the  first  laying 
period  of  pullets  and  during  the  spring  period  of  heavy  production  than 
at  other  times.  This  is  probably  due  to  the  extra  heavy  strain  on  the 
egg  organs  at  these  times. 

The  dot  of  blood  adheres  to  the  yolk  as  it  passes  through  the  oviduct, 
and  if  it  is  of  good  size  it  may  be  distinctly  seen  when  candling.  A  blood 
clot  can  be  distinguished  from  other  spots  by  its  bright  red  color  and  by 
the  fact  that  it  is  on  the  surface  of  the  yolk  and  moves  only  with  the 
yolk.  A  blood  dot  alone  shows  as  a  distinct  spot  through  the  shell,  not  as  a 
diffuse-colored  area  of  the  egg.  When  the  egg  is  opened  the  dot  can  be  dis- 
tinctly seen.  If  it  is  removed,  the  egg  is  suitable  for  use  as  food  unless 
otherwise  defective.  An  ordinary  blood  dot  does  not  color  the  albtmien ;  if 
the  albumen  is  colored,  the  egg  is  termed  a  bloody  egg.  The  illustrations  in 
Plates  III  and  v,  sections  23  and  40,  respectively,  show  bloody  eggs  as  well 
as  blood  dots.    The  egg  opened  (Plate  v,  sect.  40)  is  only  slightly  bloody. 

Because  of  the  presence  of  blood  in  these  eggs  they  are  often  confused 
with  incubator  eggs,  and  customers  refuse  to  use  them  for  any  purpose. 
Hotel  stewards  require  that  all  their  eggs  shall  be  candled  for  the  purpose 
of  eliminating  the  eggs  with  blood  clots.  The  producer  or  dealer  should 
make  use  of  many  of  them  and  avoid  the  waste.  It  is  believed  that  certain 
hens  have  a  tendency  to  produce  these  dots,  and  by  culling  such  birds 
from  the  flock  the  percentage  of  blood-dot  eggs  can  be  greatly  reduced. 
Blood  dots  are  probably  detrimental  to  the  keeping  quality  of  eggs. 

oviduct  conditions 
Body-heated  eggs 
An  egg  is  forced  through  the  oviduct  by  the  peristaltic  action  of  the 
musdes  in  the  oviduct  wall.  Sometimes,  apparently  due  to  fright,  this 
action  ceases  temporarily,  and  the  egg  is  held  in  the  body  of  the  fowl 
for  several  days  after  it  is  completed.  This  keeps  the  egg  at  body  tem- 
perature, and  incubation  begins.  If  the  egg  is  fertile,  the  results  are 
disastrous  at  once.  If  the  egg  is  infertile,  of  course  the  results  are  not  so 
serious  and  the  egg  may  be  fit  for  use  when  laid,  depending  on  the  extent 
to  which  the  egg  was  infected  while  being  hdd  in  the  body  of  the  hen. 
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Eggs  within  eggs 
When  an  egg  has  passed  through  the  oviduct  and  is  ready  to  be  laid, 
a  reverse  peristaltic  action  may  be  incited  in  some  way,  and  the  egg 
will  be  forced  back  up  the  oviduct  until  normal  forces  again  push  it  along 
its  regular  course.  In  this  way  one  yolk  may  be  enveloped  with  two  com- 
plete sets  of  albumen,  shell  membranes,  and  shell.  Three  sets  have  been 
known  to  be  formed  over  a  single  yolk,  probably  in  this  way.  Sometimes 
other  yolks  are  met  by  the  ascending  egg  and  the  whole  is  surroimded 
by  one  set  of  albumen,  shell  membranes,  and  shell.  The  first  egg,  in 
any  case,  is  usually  an  abnormally  small  one,  and  this  may  often  account 
for  the  reversal  of  the  peristaltic  forces. 

Yolk  substitution 
Grains  or  fragments  of  other  foreign  substances  may  be  forced  up  the 
oviduct  from  the  cloaca.  This  has  been  known  to  occur,  and  during 
the  normal  return  of  such  substances  the  oviduct  glands  have  secreted 
albumen,  shell  membranes,  and  shell,  forming  a  complete  egg  except 
that  a  foreign  body  has  been  substituted  for  the  yolk.* 

Foreign  substances  within  eggs 
Due  to  causes  similar  to  those  resulting  in  yolk  substitution,  grains  and 
other  foreign  substances  are  sometimes  found  floating  in  the  albumen. 
If  an  egg  has  previously  been  broken  in  the  oviduct,  the  broken  contents 
may  gradually  harden  and  cling  to  the  oviduct  walls.  Later  they  may 
become  detached  and  pass  along  with  an  egg.  In  this  way  various  forms 
of  dried  yoUc  and  albumen  may  be  deposited  in  eggs;  rings  of  dried  yolk 
and  albumen  have  been  observed,  as  well  as  various  other  peculiar  shapes. 

Intestinal  worms  within  eggs 
Intestinal  worms  are  sometimes  found  in  eggs.    They  apparently  gain 
access  to  the  oviduct  from  the  large  intestine  and  are  later  included  in  an 
egg  as  it  is  being  formed.    These  worms  vary  in  size  and  form,  but  are 
usually  white  in  color. 

Double-yolk  and  connected  eggs 
If  one  yolk  drops  into  the  oviduct  shortly  after  another,  even  though 
this  is  due  to  no  abnormal  condition  of  the  ovary,  the  one  secretion  of 
albtmien  may  surround  both  yolks  and  form  a  double-yolk  egg  as  previously 
described.  A  few  cases  of  triple-yolk  eggs,  apparently  formed  in  the  same 
way,  have  also  been  described.^    If  the  yolks  are  too  far  apart  to  be* 

*  Many  interesting  experiments  have  been  conducted  along  this  line  by  Dr.  Raymond  Pearl. 
*Sucb  eggs  have  been  found  by  Dr.  Raymond  Pearl. 
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enclosed  as  one  egg,  they  may  still  remain  connected  in  various  ways. 
A  small  amoimt  of  albumen,  with  shell  membranes  and  shell,  may  connect 
the  two  complete  eggs.  The  two  adjacent  chalazae  may  be  either  con- 
tinuous or  separate.  Sometimes  only  the  shell  membranes  connect  the 
eggs,  neither  albumen  nor  shell  being  present. 

SofUshell  eggs 
Eggs  are  sometimes  produced  having  only  a  very  thin  shell  or  having 
no  shell  material  at  all.  Eggs  of  this  type  are  the  result  of  a  condition 
that  may  be  caused  by  a  lack  of  lime  in  the  glands  of  the  uterus  or 
by  one  egg  forcing  the  next  egg  out  of  the  body  of  the  fowl  before 
the  shell  can  be  formed.  Soft-shell  eggs  occur,  therefore,  most  frequently 
during  the  period  of  heavy  egg  production. 

Meat  spots 
Particles  appearing  like  pieces  of  liver  are  often  foimd  floating  in  the 
albtimen  (Plates  i  and  11,  sects.  8  and  28,  respectively).  On  closer  exami- 
nation these  particles  seem  to  be  pieces  of  the  dead  glands  of  the  oviduct 
wall,  and,  since  they  occur  very  often,  they  are  thought  to  be  fragments 
of  this  waste  tissue.  In  candling  eggs  it  will  be  noted  that  meat  spots 
appear  very  dark  and  float  near  the  shell.  They  may  be  of  various  shapes 
or  may  consist  of  several  very  small,  floating  specks.  They  lack  the 
characteristic  red  appearance  of  a  blood  dot,  and  are  free  from  the  yolk. 
When  an  egg  having  this  peculiarity  is  broken  open,  the  meat  spot  is 
sometimes  f otind  attached  to  one  of  the  chalazae  or  it  may  float  entirely 
free.  If  it  is  removed,  the  egg  is  satisfactory  for  use  as  food  unless 
otherwise  defective.  Such  eggs  are  treated  on  the  market  in  the  same 
manner  as  are  those  having  blood  clots. 

Bloody  eggs 

The  oviduct  often  becomes  injured  and  irritated  so  that  blood  is  exuded 
with  the  albumen,  making  the  albtunen  appear  distinctly  bloody.  This 
condition  may  appear  throughout  an  egg  or  in  certain  parts  of  it,  as  already 
mentioned  and  as  shown  in  Plates  iii  and  v,  sections  23  and  40,  respectively. 
Bloody  eggs  are  commoner  with  pullets  just  beginning  to  lay  or  during 
the  heavy  laying  period  than  at  other  times,  as  in  the  case  of  blood  clots, 
and  are  probably  due  largely  to  over-exertion  of  the  oviduct.  The  blood  in 
the  albumen  is  often  concentrated  about  the  chalazae,  but  this  is  not 
always  the  case.  Certain  individuals  of  the  flock  are  generally  responsible 
for  all  the  bloody  eggs,  and  it  is  well  to  remove  these  fowls  when  they  are 
discovered.     It  is  usually  impossible  to  remove  the  affected  part  of  the 
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albumen;  therefore  the  egg  is  tiseless.    Because  of  this,  bloody  eggs  are 
a  more  serious  loss  than  those  having  blood  clots  or  meat  spots. 

Loose  shell  membrane 
Sometimes  fragments  resembling  parts  of  the  shell  membrane  are  found 
floating  in  the  albumen.  These  are  apparently  due  to  slight  secretions 
of  the  shell  membrane  glands  in  the  isthmus,  which  have  formed  little 
fragments  of  membrane  that  cling  to  the  walls  of  the  isthmus.  When 
the  next  egg  passes  through  the  oviduct,  these  membranous  fragments 
are  carried  along  and  float  free  in  the  albumen.  They  are  not  detrimental 
to  the  quality  of  an  egg,  but  eggs  bearing  them  are  usually  discarded 
because  of  their  suspicious  appearance  to  persons  not  understanding  the 
cause.  The  term  "  tapeworm  "  is  a  popular  one  given  by  egg  candlers 
to  this  type  of  egg,  because  of  its  peculiar  appearance. 

EXTERNAL  FACTORS  AFFECTING  THE  INTERIOR  QUALITY 

OF  EGGS 

EVAPORATION 

As  soon  as  an  egg  is  laid,  the  water  begins  to  evaporate  through  the 
pores  of  the  shell.  The  rate  at  which  moistiure  is  lost  is  influenced  by 
the  htmudity  and  temperatture  of  the  air  surrounding  the  egg,  the  rate 
at  which  this  air  is  moving,  and  the  structure  of  the  shell  and  the  shell 
membranes.  As  evaporation  continues,  air  replaces  the  moistiure  within 
the  egg  and  the  air  cell  is  gradually  enlarged.  The  rate  of  evaporation 
taking  place  at  living-room,  temperattu-e  compared  with  that  taking 
place  at  cooler  temperatures  is  shown  in  Figure  11.  A  simple  method  for 
testing  the  degree  of  evaporation  is  illustrated  in  Figure  7,  on  page  504. 

Excessive  evaporation  of  eggs  is  caused  by  dry  air  passing  rapidly  over 
them.  Warm  air.  will  cause  more  rapid  evaporation  than  cold  air.  At 
any  given  temperature  the  amount  of  evaporation  will  be  decreased  by 
increasing  the  moisture  in  the  air.  The  amount  of  moisture  must  not 
be  excessive,  however,  or  the  eggs  will  become  musty  and  mold  spots 
will  develop  (Hate  vr,  sect.  13).  With  a  given  amount  of  moisture  in 
the  air,  the  danger  from  molding  will  be  lessened  by  lowering  the  tem- 
perature of  the  air.  Eggs  vary  considerably  in  the  relative  thickness 
and  weight  of  their  shells.  The  thicker  shells  may  be  expected  to  directly 
limit  the  rate  at  which  eggs  will  evaporate;  this  leads  to  the  con- 
clusion that  for  this  reason  alone  fowls  should  be  supplied  with  plenty 
of  lime.  It  may  also  be  expected  that  the  structure  of  the  shell  mem- 
branes influences  the  rate  of  evaporation  (Fig.  s,  page  501).  Very  porous 
shells  may  be  easily  detected  by  candling  or  by  the  general  appearance  of 
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weakness  or  transparency.  Since  individual  fowls  may  possess  the 
special  characteristics  of  laying  eggs  of  a  definite  type,  by  careful 
selection  it  should  be  possible  to  eliminate  those  fowls  that  produce 
the  eggs  most  liable  to  excessive  evaporation. 

A  cdlar  or  a  refrigerator  is  ordinarily  the  most  desirable  place  available 
for  keeping  eggs.  In  the  average  cellar  excessive  dampness  may  be 
avoided  by  placing  the  eggs  on  a  table  or  a  shelf,  ttus  keeping  them 
at  a  short  distance  above  the  floor.  Eggs  may  usually  be  held  for  two 
or  three  weeks  imder  these  conditions,  with  very  slight  evaporation. 
Kitchens,  sheds,  or  similar  rooms  should  be  especially  avoided,  as  is 
shown  by  reference  to  Figure  11.  If  eggs  are  to  be  held  for  several 
days,  they  should  be  kept  in  pails,  boxes,  or  similar  receptacles, 
which  will  prevent  the  free  circulation  of  air  through  the  packages 
and  yet  will  allow  a  moderate  amount  of  ventilation.  If  eggs  are  held 
in  cool,  dry  air  long  enough,  all  the  moisture  will  evaporate  and  the 
yolk  and  albumen  will  become  a  dried  mass.  No  other  deterioration 
will  take  place. 

Yolk  stuck  to  shell 

If  an  egg  is  allowed  to  remain  in  one  position  too  long,  the  yolk  will 
gradually  rise  and  stick  to  the  shell  membranes  (Plate  vi,  sect.  12). 
This  process  is  hastened  and  nearly  always  accompanied  by  evaporation. 
After  the  yolk  is  stuck  fo  the  shell  membranes,  if  the  egg  is  in  a  moist 
location,  molds  will  rapidly  develop  at  the  spot  where  the  yolk  is 
stuck.  During  the  first  stages  the  yolk  can  usually  be  shaken  loose 
without  rupturing  the  vitelline  membrane,  but  later  this  is  impossible. 
Eggs  in  this  state  are  very  seldom  used  except  for  animal  food  or  for 
fertilizer.  This  condition  may  be  avoided  by  placing  eggs  on  end  in 
storage,  by  keeping  them  at  a  temperature  of  40°  F.  or  lower,  or  by 
turning  them  regularly.  At  room  temperature  at  least  three  or  four 
weeks  will  be  required  for  this  condition  to  develop;  at  warmer  tem- 
peratures it  may  occur  in  less  time. 

temperature 
The  effect  of  heat  on  eggs  depends  largely  on  whether  the  eggs  are 
fertile  or  infertile.  It  has  been'found  that  the  germ  of  a  fertile  egg  will 
begin  to  develop  at  a  temperature  as  low  as  72°  F.  Whether  the  develop- 
ment of  the  germ  takes  place  at  this  low  temperatiu^  or  at  a  higher  tem- 
perature, the  results  are  essentially  the  same,  except  that  at  the  low 
temperature  the  development  is  very  slow  and  the  germ  soon  dies. 
Disintegration  of  the  egg  contents  begins  immediately  after  the  death 
of  the  embryo.  This  disintegration  cannot  begin  ordinarily  without  the 
piesenoe  of  a  dead  embryo.  The  presence  of  males  in  the  flock  is  the 
33 
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catise  for  nearly  all  the  rotten  eggs,  as  well  as  a  great  proportion  of  the 
other  inferior  grades  on  the  market.  As  noted  before,  the  eggs  are  ferti- 
li2sed  at  the  upper  end  of  the  oviduct.  By  the  time  the  egg  has  reached 
the  lower  end  of  the  oviduct,  the  germ  is  ready  for  development,  and  any 
further  application  of  heat  will  cause  the  embryo  to  begin  growth. 

Heating  at  incubation  temperature 

Every  hour  during  which  an  egg  is  held  at  incubation  temperature 
(95**  to  no**  P.)  seriously  affects  its  quality.  If  the  egg  is  fertile,  an 
interesting  series  of  changes  takes  place  very  rapidly. 

Fertile  egg  after  five  hours  of  incubation. —  Even  after  five  hours  of 
incubation  the  candler  can  ascertain  that  the  egg  has  been  incubated. 
He  can  detect  a  tiny  embryo  on  the  upper  surface  of  the  yolk,  and  the 
yolk  floats  higher  in  the  albumen  than  in  a  fresh  egg.  When  the  egg  is 
broken  open  (Plate  iv,  sect.  33),  it  will  be  noted  that  the  yolk  appears 
a  Uttle  darker  and  that  an  indefinite  ring  is  beginning  to  form  aroimd  the 
germinal  disk.  The  appearance  of  this  ring  varies  in  different  eggs, 
but  its  presence  denotes  a  developing  embryo.  The  albumen  is  be- 
coming darker  and  more  watery,  and  the  vitelline  membrane  is 
weakening,  allowing  the  yolk  to  flatten.  This  egg  is  suitable  for 
food  purposes. 

Fertile  egg  after  twelve  hours  of  incubation. —  After  twelve  hours  of  incu- 
bation, the  embryo  is  clearly  discernible  through  the  shell  (Plate  iii,  sect.  17). 
It  usually  appears  at  the  upper  edge  of  the  yolk  and  is  distinguished  as 
a  part  of  the  yolk  having  a  deeper  red  color.  These  early  stages  of 
development  are  very  difficult  to  note  with  brown-shelled  eggs.  The  yolk 
usually  floats  higher  in  the  albumen  than  before.  When  the  egg  is 
opened  (Plate  nr,  sect.  34),  two  or  three  rings  around  the  germinal  disk 
are  clearly  distinguishable.  The  yolk  has  more  of  a  heated  appearance; 
that  is,  it  is  darker  in  color  and  is  still  more  flattened.  The  albumen 
has  more  color  and  is  more  watery.  The  chalazae  begin  to  merge  with 
the  middle  layer  of  albtunen.  Eggs  at  this  stage  of  development  are 
still  good  for  cooking  purposes,  and  are  better  than  the  average  eggs 
received  direct  from  many  farms   during  hot  weather. 

After  noting  the  changes  taking  place  in  these  two  classes  of  incubated 
eggs,  one  can  realize  how  serious  it  is  to  allow  broody  hens  to  remain  on 
the  nests  even  for  one  day.  If  many  hens  lay  eggs  in  the  same  nest,  it  is 
easy  to  estimate  the  length  of  time  the  first  egg  laid  has  been  heated  during 
the  day.  This  time  often  totals  two  to  eight  hours.  The  contents  of 
these  eggs  break  down  quickly  after  removal  from  the  nest,  and  they 
rapidly  become  unfit  for  food. 

Fertile  egg  after  fvoe  days  of  incubation, —  The  blood  vessels  can  now 
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be  seen  by  the  candler  and  the  upper  part  of  the  egg  begins  to  appear 
clouded  (Plate  iii,  sect.  18).  The  vigor  of  the  embryo  may  be  judged 
approximately  by  its  appearance  through  the  shell.  The  air  cell  is  increasing 
slightly  in  size,  although  this  varies  greatly  with  the  hunaidity  of  the  air. 
On  opening  the  egg  (Plate  iv,  sect.  35),  the  developing  embryo  and  the 
network  of  blood  vessels  are  seen  on  the  surface  of  the  yolk.  The  vitelline 
membrane  is  usually  ruptured  and  the  yolk  contents  flow  out  into  the 
very  watery  albumen,  giving  the  whole  a  light  yellow  color.  The  egg 
is  absolutely  unfit  for  food  consumption  and  can  be  used  only  as  meat 
food  for  stock  or  for  other  commercial  purposes. 

Fertile  egg  after  twelve  days  of  incubation!—  Mter  twelve  days  of  incu- 
bation, the  contents  of  the  egg  appear  materially  darker  to  the  candler 
than  at  the  five-days  period  (Plate  iii,  sect.  19).  The  blood  vessels  and 
the  embryo  are  indistinct.  The  few  blood  vessels  appearing  near  the  air 
cell  are  much  enlarged  and  are  filled  with  blood.  The  whole  egg  is  clouded, 
and  the  air  cell  is  usually  considerably  enlarged.  The  opened  egg  (Plate 
IV,  sect.  36)  displays  the  form  of  the  head,  the  heart,  and  some  other 
parts  of  the  chick.    Of  course  these  eggs  caimot  be  used  for  human  food. 

Fertile  egg  after  eighteen  days  of  incubation. —  By  the  eighteenth  day  of 
incubation  the  chick  must  be  very  nearly  developed  if  it  is  to  leave  the  shell 
on  the  twenty-first  day.  To  the  candler  the  whole  egg  appears  darkly 
clouded,  and  only  the  dim  outlines  of  the  chick  may  be  discerned  just 
beneath  the  air  cell  (Plate  in,  sect.  20).  The  air  cell  is  greatly  enlarged, 
and  the  lower  boundary  is  very  irregular.  The  motions  of  the  chick 
may  be  seen.  The  opened  egg  discloses  the  well-developed  chick,  with 
the  embryo  sac  attached  (Plate  v,  sect.  37).  Specimens  of  eggs  of  this 
kind  are  brought  to  the  markets,  and,  needless  to  say,  they  are  useless 
except  as  fertilizer,  or  perhaps  as  animal  food  if  used  when  absolutely  fresh. 
Deterioration  begins  immediately  after  the  death  of  the  chick,  and  of 
course  this  has  affected  the  condition  of  the  egg  by  the  time  it  reaches 
the  market. 

Dead  germ  after  five  days  of  incubation, — If  for  any  reason  the -embryo 
dies  during  the  period  of  its  growth,  the  common  term  "  dead  germ  " 
designates  the  grade  of  egg  produced  (Plate  in,  sect.  21).  The  dead 
germ  shown  here  died  after  nearly  five  days  of  incubation.  The  char- 
acteristic feature  of  the  dead  germ  is  the  blood  ring,  which  is  formed  by  the 
settling  of  the  blood  in  the  outer  boundary  of  the  network  of  blood 
vessek.  This  network  of  blood  vessels  is  best  shown  in  Plate  vi,  section  35. 
The  blood  ring  may  be  small  and  regular,  or  large  and  very  irregular 
and  even  incomplete.  The  dead  embryo  itself  appears  as  a  small  dark 
spot,  usually  stuck  to  the  shell  or  partially  attached  to  the  disintegrated 
tissues.    The  air  cell  is  usually  somewhat  enlarged.    When  the  egg  is 
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opened  the  blood  ring  may  show  distinctly  if  it  is  small;  or,  if  larger, 
it  may  appear  as  an  irregular  or  broken  band  of  blood  (Plate  v,  sect.  38). 
The  embryo  itself  usually  appears  as  a  small  dark  lump,  until  deterioration 
has  proceeded  sufficiently  to  obliterate  it  entirely.  The  yolk  and  the 
albumen  are  mixed  at  this  stage,  and  the  egg  contents  are  very  watery. 
An  egg  of  this  type  is  of  no  use  for  human  consumption,  and  after  it 
has  been  hdd  for  a  while  decomposition  rapidly  sets  in  and  the  egg  can 
be  used  only  for  a  few  commercial  purposes. 

In  the  very  early  and  the  very  late  stages  of  development  the  dead 
embryos  cannot  be  detected  by  the  presence  of  the  blood  ring.  Of  course, 
if  the  candler  detects  a  spot  on  the  yolk  denotiag  a  developing 
embryo,  imless  the  temperature  is  approximately  100°  to  105°  F., 
he  may  know  that  the  germ  is  dead.  Dead  chicks  in  the  shell  can  be 
easily  detected  by  candling.  Ordinarily,  incubated  eggs  are  considered 
suitable  for  food  purposes  until  blood  vessels  begin  to  appear  or  deteri- 
oration begins,  imless  some  other  factors,  such  as  odor,  flavor,  and  the 
like,  limit  their  use. 

Infertile  egg  after  five  days  of  incubation. —  If  eggs  are  infertile,  the 
greater  part  of  the  difficulty  in  properly  handling  them  is  avoided. 
Incubation  heat  affects  an  infertile  egg  only  slightly  (Plate  iii,  sect.  22). 
The  yolk  is  slightly  darkened  by  the  heat,  and  as  a  rule  at  this  stage  it 
does  not  float  so  high  in  the  albumen  as  before.  The  air  cell  is  enlarged, 
and  its  inner  boundary  is  usually  dark  red.  The  whole  egg  displays  the 
characteristic  appearance  of  a  heated  egg  —  the  orange-red  tint.  There 
is  a  definite  boundary  between  the  yolk  and  the  albtunen,  rather  than 
the  gradual  shading  noted  in  the  fresh  egg.  The  opened  infertile  egg  is 
distinguished  by  a  very  watery  albumen  which  is  slightly  colored,  and 
by  a  weak  vitelline  membrane  which  allows  the  yolk  to  flatten  (Plate 
V,  sect.  39).  The  vitelline  membrane  often  appears  wrinkled  and 
breaks  very  easily.  The  chalazae  are  often  hardly  visible,  due  to  their 
merging  with  the  middle  layer  of  albumen.  The  color  of  the  yolk  is 
dark,  denoting  heating.  The  odor  of  the  opened  egg  is  sometimes  un- 
pleasant, although  it  is  usually  impossible  to  detect  any  change. 

Very  often  candlers,  especially  those  of  little  experience  or  those  using 
a  poor  light,  mistake  eggs  having  very  small  embryos  for  infertile  eggs. 
If  the  eggs  are  to  be  used  for  cooking  purposes,  the  candler  must  be  very 
careful  and  should  use  at  least  a  twenty-candle-power  light.  Infertile 
eggs  are  suitable  for  food  uses  unless  they  have  been  held  so  long  that 
deterioration  has  started;  in  that  case  they  are  of  value  only  for  com- 
mercial purposes.  Infertile  eggs  should  be  handled  carefully  and  used 
for  purposes  for  which  mere  freshness  is  not  important  so  long  as  the  eggs 
are  good.    They  are  satisfactory  for  nearly  all  cooking  purposes,  and  are 
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not  usually  unsatisfactory  for  frying  or  scrambling,  even  after  having 
been  removed  from  the  incubator  two  or  three  weeks  previously,  if  kept 
under  proper  conditions. 

It  is  interesting  to  compare  the  infertile  incubated  egg  with  the  series 
of  fertile  incubated  eggs.  One  can  thus  realize  the  danger  due  to  ferti- 
lization in  market  eggs.  If  a  fertile  egg  is  to  be  marketed  in  good  condition, 
no  cost  should  be  spared  in  adopting  every  possible  precaution.  Infertile 
eggs  do  not  require  such  extreme  care. 

Heating  at  temperatures  below  incubation  temperature 
The  effect  of  low  heat  on  eggs  varies  with  the  fertility  or  the  infertility 
of  the  eggs.  The  difference  here  is  not  so  marked  as  at  incubation  tem- 
peratures, but  in  all  phases  of  egg  marketing  any  detrimental  heating 
seems  to  have  a  much  more  serious  effect  on  the  interior  quality  of  a  fer- 
tile egg  than  on  that  of  an  infertile  egg.  For  instance,  a  small  degree  of 
heating  will  usually  cause  a  fresh  egg  to  become  a  **  light  float"  (Plates  i 
and  II,  sects.  4  and  26,  respectively).  This  will  occur  whether  the  egg  is 
fertile  or  infertile,  but  the  fertile  egg  will  reach  this  stage  and  pass  it 
much  more  rapidly  than  the  infertile  one.  In  stud3ang  the  effect  of 
heat  on  market  grades  of  eggs,  it  is  necessary  also  to  consider  the  effect 
of  evaporation,  which  has  already  been  explained. 

"  Light  float  "  and  "  heavy  float  **  are  trade  names  that  are  applied 
to  eggs  of  a  distinctly  lower  grade  than  fresh  eggs.  For  consideration 
in  this  bulletin,  all  the  inferior  grades  of  edible  eggs  resulting  from 
slow  heating  and  evaporation  are  classed  as  light  floats  or  heavy  floats 
(Plates  I  and  11,  sects.  5  and  27,  respectively).  The  term  was  probably 
first  adopted  by  market. men  as  indicative  of  the  buoyancy  of  the  yolk 
in  the  albumen.  In  the  light  float  the  yolk  is  not  quite  so  buoyant  as  in 
the  fresh  egg,  but  is  more  so  than  in  the  heavy  float.  Light  floats  and 
heavy  floats  are  the  commonest  grades  of  market  eggs  received  from 
the  general  farms,  where,  in  fact,  most  of  the  eggs  are  produced.  The 
methods  that  the  average  farmer  now  follows  do  not  allow  the  holding 
of  eggs  for  a  week  and  still  having  them  stand  the  test  for  fresh  eggs. 
Most  of  the  markets  make  much  finer  distinctions  than  these  three  grades 
— fresh,  light  float,  and  heavy  float — but  these  are  the  main  subdivisions, 
and  further  classifications  may  be  made  at  will.  By  thoroughly  under- 
standing these  three  grades,  one  can  easily  adapt  himself  to  any  other 
sjrstem  that  he  may  wish  to  follow. 

Light  float. —  The  light  float,  as  it  appears  to  the  candler,  shows  an 
enlarged  air  cell  and  a  darkened  yolk.  The  yolk  has  a  more  definite 
boundary  than  in  the  fresh  egg  (Plate  i,  sect.  2),  and  sinks  lower  in  the 
albtimen.    The  whole  egg  has  a  darkened  and  heated  appearance.    No 
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embryo  spot  is  visible  on  the  yolk;  if  there  were  such  a  spot,  the  egg  would 
have  to  be  classed  as  a  dead  germ.  Light  floats  are  very  difficult 
to  distinguish  from  infertile  incubated  eggs.  The  air  cdl  in  the  light 
float  is  in  most  cases  larger,  due  to  the  drier  air  in  which  it  has  usually 
been  held;  but  otherwise  the  appearances  are  nearly  identical  and  the 
two  grades  are  usually  classed  together.  Light  floats  do  not  deteriorate 
so  rapidly  as  do  infertile  incubated  eggs,  and  consequently  they  are  usually 
sold  separately.  When  the  light  float  is  opened,  it  usually  appears  in 
much  better  condition  than  the  infertile  incubated  egg,  as  may  be  seen 
by  comparing  the  appearance  of  the  two  eggs  (Plates  ri  and  v, 
sects.  26  and  39,  respectively).  The  yolk  of  the  light  float  is  slightly 
flattened  and  is  a  trUle  darker  than  that  of  the  infertile  incubated  egg. 
The  albumen  of  the  light  float  is  becoming  somewhat  watery  and  slightly 
cdored,  but  is  much  better  than  that  of  the  infertile  incubated  egg. 
The  light  float  is  just  beginning  to  show  the  effect  of  slight  heating, 
and,  while  it  is  still  in  good  condition,  it  deteriorates  rather  rapidly 
after  it  has  reached  this  first  stage.  The  flavor  is  but  slightly  affected 
and  can  hardly  be  distinguished  from  that  of  a  fresh  egg.  Light  floats 
are  good  for  practically  all  food  purposes  if  used  at  once,  but  they  should 
not  be  kept  for  a  long  period,  even  imder  proper  conditions. 

Heavy  float, —  The  heavy  float  is  a  more  advanced  stage  of  the  changes 
seen  in  the  light  float  (Plates  i  and  11,  sects.  5  and  27,  respectively).  The 
air  cell  is  somewhat  larger,  and  the  yolk  is  much  darker  and  usually  lower 
in  the  albumen.  The  position  of  the  yolk  varies  considerably,  but  the 
tjrpical  position  is  in  the  lower  part  of  the  egg.  The  inner  membrane 
around  the  air  cell  is  often  loose  and  sometimes  broken,  allowing  the 
contents  to  shake.  To  the  candler  the  whole  egg  appears  heated. 
When  the  egg  is  opened,  the  yolk  of  the  heavy  float  is  usually  much  darker 
than  that  of  the  light  float,  and  is  very  often  somewhat  mottled  owing 
to  the  localization  of  the  heat  effect.  The  vitelline  membrane  is  very 
weak,  and  often  breaks  when  the  egg  is  being  opened.  The  yolk  contents 
sometimes  begin  to  seep  through  the  membrane,  either  flowing  through 
a  very  small  opening  and  extending  needle-like  into  the  albumen,  or 
mixing  with  the  albumen  and  forming  an  indefinite  colored  area  arotmd 
a  large  part  of  the  yolk.  The  albumen  is  very  watery  and  slightly  colored. 
This  gi*ade  of  eggs  includes  those  which  have  been  heated  and  which 
are  too  poor  to  be  light  floats  and  yet  are  good  enough  for  human  con- 
sumption. It  is  about  the  last  stage  of  deterioration  for  an  infertile  egg, 
unless  it  begins  to  rot,  due  to  the  action  of  bacteria;  but  this  latter 
condition  is  improbable.  Fertile  eggs  pass  by  this  stage  quickly  and 
become  rots.  Large  numbers  of  eggs  of  this  type  are  marketed  with  fresh 
eggs.    Their  condition  could  easily  be  avoided  by  proper  management, 
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sudi  as  removing  broody  hens,  gathering  eggs  regularly,  keeping  them 
in  a  oool  place,  marketing  regularly,  and  the  like. 

Freezing  and  chilling 
If  an  egg  is  frozen,  the  contents  usually  expand  sufficiently  to  crack 
the  shell.  The  crack  usually  extends  the  length  of  the  shell,  reaches 
through  the  shell  membranes,  and  remains  open,  thus  allowing  easy 
infection  of  the  egg  contents.  The  cellular  structure  of  the  egg  contents 
is  also  broken  down  to  some  extent,  and  the  egg  will  not  keep  so  well 
under  any  conditions  as  would  a  normal  egg.  Chilling  has  an  eflfect 
similar  to  freezing  on  the  ]|ceeping  quality  of  eggs,  although  this  eflfect 
is  not  always  so  immediate.  It  is  necessary  to  collect  eggs  twice  daily 
during  very  cold  weather,  and  care  should  be  taken  to  prevent  chilling 
while  the  ^ggs  are  being  held  or  shipped. 

Boiling 

Eggs  are  sometimes  dipped  into  hot  water  in  order  to  prevent  their 
being  used  for  hatching.  This  is  a  foolish  and  unjust  practice.  It  is 
sometimes  done  with  the  purpose  of  deceiving  the  dealer  concerning 
the  freshness  of  eggs,  but  for  this  purpose  it  has  to  be  done  so  carefully 
that  it  is  very  seldom  undertaken.  If  an  egg  is  dropped  into  water  of 
just  the  right  temperature,  a  very  thin  film  of  hardened  albumen  is 
formed  just  inside  the  shell,  and  this  makes  the  egg  yolk  appear  relatively 
less  distinct  and  the  egg  consequently  fresher  than  it  really  is. 

A  meditmi-boiled  egg  has  the  appearance  shown  in  Plate  iii,  section  24. 
The  harder  the  egg  is  boiled,  the  more  opaque  it  will  appear.  The  size 
of  the  air  cell  is  determined,  of  course,  by  the  amount  of  evaporation 
that  had  taken  place  before  the  boiling  was  done.  Sometimes  the  same 
results  may  be  obtained  if  an  egg  is  allowed  to  lie  exposed  to  the  direct 
rays  of  the  sim  during  a  very  hot  day. 

MOISTURE 

It  has  already  been  shown  that  the  lack  of  moisture  in  the  surrounding 
atmosphere  causes  evaporation  in  eggs.  On  the  other  hand,  though  not 
so  frequently,  too  much  moisture  has  results  that  are  just  as  serious. 

Musty  eggs 
When  eggs  are  held  for  a  long  time  in  an  atmosphere  that  is  too  humid, 
such  as  in  some  cold  storage  warehouses,  they  may  develop  a  musty 
odor  and  flavor.  This  condition  is  increased  on  heating.  The  cause 
for  the  development  of  mustiness  in  eggs  is  not  known,  but  it  seems  to 
be  due  to  the  presence  of  an  excess  of  moisture  for  a  long  period. 
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Mold  spots 
Molds  often  develop  inside  the  shell  membranes  of  eggs  (Plate  vi, 
sect.  13).  These  molds  appear  to  the  candler  either  as  small  dark  dots 
or  as  larger  dark  areas.  The  mold  developments  are  often  collected 
along  the  line  of  the  air  cell  or  along  checks  in  the  shell.  When  the  shell 
is  opened,  the  mold  is  usually  foimd  adhering  to  the  inner  shell  mem- 
brane, appearing  like  a  limip  of  dense  albimien.  Mold-spot  eggs  are, 
of  course,  imfit  for  food.  The  formation  of  mold  spots  can  be  prevented 
by  avoiding  an  excess  of  moisture  where  the  eggs  are  kept. 

BACTERIAL  INFECTION 

The  action  of  various  types  of  bacteria  on  the  contents  of  eggs  causes 
the  development  of  various  grades  of  market  eggs.  The  entrance  of 
bacteria  into  an  egg  may  possibly  take  place  before  the  egg  leaves  the 
body  of  the  fowl;  but  usually  the  bacteria  enter  when  the  egg  becomes 
checked  or  after  it  comes  into  contact  with  moisture,  after  which  the 
bacteria  seem  to  be  able  to  penetrate  the  shell  and  the  shell  membranes. 
The  best  way  to  avoid  bacterial  deterioration  of  eggs  is  to  avoid  fertilization, 
and  then  to  keep  the  eggs  clean,  dry,  and  whole  by  careful  handling.  An 
egg  is  naturally  protected  by  its  bactericidal  albumen,  but  this  is  not  always 
sufficient. 

Soiled  eggs 

Eggs  that  have  become  soiled  have  probably  been  moistened  at  the 
same  time.  This  moisture,  in  mud,  droppings,  wet  litter,  or  grass,  is 
laden  with  bacteria  of  various  types.  These  gain  access  into  the  interior 
of  an  egg,  enter  the  yolk,  and  develop  there.  Such  a  condition  can  be 
avoided  only  by  having  the  grounds,  houses,  nests,  gathering  pails,  and 
the  like,  clean.  In  cleaning  eggs,  great  care  should  be  taken  not  to  wet 
the  shells  any  more  than  is  necessary.  This  can  be  accomplished  by 
wiping  the  shells  with  a  slightly  dampened  cloth  and  some  abrasive  sub- 
stance such  as  bon  ami,  sapolio,  or  something  of  similar  natiure.  No 
adds  should  be  used.  Eggs  that  have  not  been  soiled  or  moistened  will 
keep  better  than  those  that  have  been  cleaned;  therefore  cleaned  eggs 
should  be  handled  carefully  and  disposed  of  as  quickly  as  possible. 

Rots 
The  development  of  bacteria  within  an  egg  may  assume  many  different . 
aspects,  but  usually,  and  especially  in  the  case  of  fertile  eggs,  the  product 
is  one  of  a  series  of  rots.    This  greater  susceptibility  of  fertile  eggs  is  due 
to  the  usual  presence  of  a  disintegrating  dead  germ.     These  grades  of 
rots  vary  considerably  in  quality  and  appearance,  but  they  have  been 


Digitized  by  VjOOQ IC 


^ 


Digitized  by  VjOOQ IC 


n 


h 
111 

-i 
J 

D 

tn 


Digitized  by  LjOOQ IC 


Digitized  by  GoOgl^^O'^' 


Digitized  by  VjOOQ IC 


The  Interior  Quality  of  Market  Eggs 


S2I 


roughly  subdivided  into  white  rots,  mixed  rots,  and  black  rots, 
these  grades  are  ab- 
solutely unfit  for 
food  purposes.  Rots 
can  be  largely 
prevented  by  avoid- 
ing the  possibility 
of  fertilization  and 
the  bacterial  in- 
fection of  an  egg 
after  it  is  produced. 
It  is  only  in  very 
rare  cases  that  an 
egg  has  been  found 
to  be  seriously  in- 
fected with  bacteria 
when  it  left  the 
body  of  the  hen. 

White  rot,  or  sour 
egg.  —  The  white 
rot  —  often    termed 


Eggs  of  all 


Fig.  12. —  Care  should  he  taken  to  insure  clean^  well-venti^ 
lated  houses  and  plenty  of  clean  nests.  A  good  location 
for  the  nists  is  under  the  dropping  hoards ,  as  shown  in 
this  interior  view  of  a  good  poultry  house 
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sour,  or  addled,  egg  —  is  about  the 
first  stage  of  bacterial  decomposition 
(Plates  VI  and  vii,  sects.  14  and  31, 
respectively).  To  thecandler  an  egg 
in  this  condition  appears  to  have  an 
enlarged  air  cell,  but  otherwise  it 
seems  to  be  very  nearly  normal.  By 
close  inspection  the.candler  can  detect 
the  homogeneous  nature  of  the  egg 
contents  in  contrast  with  the  normal 
appearance  of  the  yolk  and  the  albu- 
men. The  air  cell  is  often  broken 
and  the  egg  contents  have  a  slimy 
appearance.  As  the  egg  is  twisted 
before  the  candle,  the  mixed  dark  and 
light  streaks  pass  the  line  of  vision  and 
usually  show  distinctly  that  the  egg 
is  addled,  or  thoroughly  mixed.  When 
the  egg  is  opened,  the  contents  are 
usually  light  yellow  in  color,  very 
watery,  and  mixed  (Plate  vii,  sect.  31).   Parts  of  the  vitelline  membrane  are 


Fig.  13. — Egg  pail.  In  order  to  prevent 
^ii^  /r<>w  hecoming  dusty  or  wet,  it 
may  he  advisable  to  use  a  special 
covered  egg  pail 
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usually  visible,  and  parts  of  the  yolk  may  be  partially  solidified.     The 
egg  usually  has  a  sour  odor,  and  for  this  reason  it  is  often  termed  a  sour 

Mixed  rot. —  When  the  contents  of  the  white  rot  have  darkened  per- 
ceptibly, representing  an  advanced  stage,  the  egg  is  usually  termed  a 
mixed  rot  (Plates  vi  and  vii,  sects.  15  and  32,  respectively).  Some  parts 
of  the  contents  may  be  darker  than  others.  The  air  cell  is  broken.  When 
the  egg  is  opened,  the  contents  are  found  to  be  very  watery,  and  various 


Fig.  14. — Cleaning  eggs  on  (he  farm.     This  work  can  often  be  done  by  the  children. 
They  will  take  a  special  pride  in  the  quality  of  the  poultry  products 

colors  are  usually  mixed  together.     A  distinctly  mixed  odor  of  sulftir  and 
sourness  may  usually  be  detected. 

Black  rot, —  The  last  stage  of  the  rot  series  is  the  black  rot  (Plate  vi, 
sect.  16).  In  this  stage  the  liquid  contents  of  the  egg  appear  to  be  ver}' 
dark.  The  air  cell  is  broken  and  there  is  a  large  amount  of  air  in  the 
egg,  allowing  the  contents  to  shake  about  inside  the  shell.  Very  often 
the  condition  of  the  interior  may  be  detected  by  the  grayish  appearance 
of  the  outside  of  the  shell.  When  the  egg  is  opened,  a  very  distinct  and 
offensive  odor  of  sulfur  is  apparent.    The  yolk  contents  are  of  an  oily 
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black  color,  usually  with  yellow  particles  of  sulfur  floating  on  the  surface. 
The  yolk  contents  are  usually,  but  not  necessarily,  mixed  with  the  albumen. 
The  albumen  is  very  watery,  often  being  similar  in  appearance  to  sour 
whey.  These  eggs  are  useful  only  as  fertilizer  or  for  a  few  other  possible 
commercial  purposes. 

rough  handling 
Many  eggs  become  cracked,  due  to  frequent  frightening  of  the  hens, 
poor  nests,  nests  placed  high  from  the  floor,  careless  methods  of  handling 
and  packing  for  shipment,  and  so  forth. 

Loose  air  cell 
K  an  evaporated  egg  is  roughly  handled,  as  in  shipment,  the  inner 


Pig.  15. — Holding  eggs  for  shipment.  If  eggs  cannot  he  held  in  an  artificiaUy 
cooled  room,  it  is  often  desirable  to  sprinkle  the  floor  in  order  to  cool  and  moisten 
the  air.  The  eggs  must  he  kept  from  direct  contact  with  the  water,  however,  or 
they  will  hecome  musty.  (  View  in  egg  room,  Department  of  Poultry  Hushandry, 
Cornell  University) 

membrane  is  sometimes  ruptured,  thus  leaving  the  air  as  a  free  bubble 
in  the  albumen.  Eggs  of  this  class  can  be  detected  by  candling.  A 
special  example  is  the  No.  2  cold  storage  egg  shown  in  Plate  vi,  section  11. 
Such  eggs  are  not  necessarily  poor  eggs,  as  is  commonly  supposed;  they 
merely  show  the  effect  of  evaporation  and  rough  handling.  After  the 
membrane  is  ruptured,  the  eggs  evaporate  much  more  rapidly  than  before 
and  the  albumen  becomes  watery.  Eggs  of  this  kind  should  be  used  as 
soon  as  possible. 

Check 
If  an  egg  is  cracked  after  it  leaves  the  body  of  the  hen,  and  if  the  check 
in  the  shell  is  so  slight  as  to  allow  no  leaking  of  the  egg  contents,  the  egg 
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is  termed  a  check  (Plate  i,  sect.  7).  A  check  in  the  shell  provides  an  easy 
entrance  for  bacteria,  and  very  often  leads  to  excessive  evaporation, 
stuck  yolk,  mold  spots,  and  the  series  of  rots.  As  soon  as  checked  eggs 
are  found,  they  should  be  removed  from  the  others  in  order  to  avoid 
their  leaking  and  soiling  clean  eggs  and  in  order  to  avoid  infection.  They 
should  be  tised  as  soon  as  possible. 

Leaker 

If  a  check  in  the  shell  is  so  open  that  the  contents  leak,  the  egg  is  termed 
a  leaker. 

Blind  check 

Sometimes  a  partly  formed  shell  seems  to  become  cracked  while  the 
^gg  is  yet  in  the  uterus.  These  fine  cracks  are  then  filled  in  with  more 
shell,  or  at  least  with  the  gelatinous  coating,  before  the  egg  is  laid.  The 
shell  appears  almost  normal  when  the  eggs  are  handled  in'  ordinary  light, 
but  when  held  before  the  candler*s  light  they  appear  as  in  Plate  1, 
section  6.  These  eggs  are  very  easily  broken  in  transit,  and  if  possible 
they  should  be  separated  and  sold  locally  by  the  producer,  thus  avoiding 
breakage  and  an  imdesirable  smearing  of  other  eggs. 

PRESERVATION 

It  is  becoming  more  and  more  necessary  for  food  products  to  be  held 
over  from  the  season  of  plenty  to  the  season  of  scarcity.  This  may  be 
done  in  large  or  small  amounts.  Eggs  are  particularly  adapted  to  being 
held  in  small  quantities  by  the  housewife,  or  in  large  quantities  by  pro- 
ducers, dealers,  institutions,  and  the  like.  During  the  past  years  many 
consiuners  have  been  prejudiced  against  every  sort  of  egg  that  was  not 
strictly  fresh.  The  writer  believes  that  this  prejudice  was  aroused  by  the 
unjust  uses  made  of  the  preserved  products.  For  instance,  in  some  locali- 
ties the  best  grades  of  cold  storage  eggs  have  been  sold  as  fresh,  leaving 
only  the  poorer  grades  to  be  sold  as  cold  storage.  This  action  gives  the 
wrong  impression  as  to  the  quality  of  the  average  cold  storage  egg.  This 
condition  of  affairs,  however,  is  changing,  and  the  processes  of  preserving 
eggs  are  coming  to  be  of  vital  importance  to  every  one  concerned  with  the 
egg  supply. 

Home  preservation 

Many  methods  of  home  preservation  have  been  tried,  especially  in 
recent  years  —  that  is,  since  about  1898.  Some  of  these  methods  are: 
packing  eggs  in  dry  table  salt,  bran,  oats,  or  sawdust;  preserving  them 
in  dry  wood  ashes,  powdered  sulfur,  powdered  gypsum,  salt  brine,  slaked 
lime  and  salt  solution,  sugar,  limewater,  or  various  solutions  of  water 
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glass;  covering  with  vaseline,  paraffin,  patented  preparations,  butter,  or 
lard.  A  few  other  methods  have  been  tried  experimentally,  but  they  are 
too  dangerous  for  ordinary  use.  These  include  preservation  in  potassium 
permanganate,  in  salicylic  add,  in  gum  arabic  and  formalin,  in.  gum  arabic 
and  salicylic  acid;  and  dipping  the  eggs  in  sulfuric  acid  and  sealing  in  glass 
jars.  Of  all  these  methods  of  preservation,  the  limewater  and  salt 
solution  and  the  water-glass  solutions  seem  to  give  the  best  results. 
Water  glass  usually  gives  the  better  results  of  the  two,  because  of  the 
chalky  taste  that  can  be  detected  in  eggs  preserved  in  the  limewater  and 
salt  solution. 

Limewater  and  salt  solution. —  The  method  of  making  this  preservative 
is  as  follows:  Slake  fotir  pounds  of  good  quicklime  in  a  small  quantity 
of  water;  mix  with  four  gallons  of  pvire  water;  add  two  poimds  of  salt. 
Stir  the  mixture  thoroughly  several  times,  then  allow  it  to  settle.  Pour 
off  the  clear  liquid.  The  clear  liquid  is  the  part  in  which  the  eggs  are 
to  be  preserved.  There  is  about  enough  of  this  mixture  when  made  by 
this  rule  to  preserve  thirty  dozen  eggs.  The  number,  however,  depends 
somewhat  on  the  shape  of  the  vessel  used.  This  is  one  of  the  oldest 
methods  employed,  and  is  usually 'recommended  as  reHable. 

Water-glass  solution, —  The  water-glass  preservative  is  prepared  as 
follows:  Mix  one  and  one  half  quart  of  the  commercial  water-glass  solu- 
tion with  eighteen  quarts  of  pure  water;  water  that  has  been  boiled  is 
preferable.  Stir  the  mixttire  until  the  ingredients  are  thoroughly  mixed. 
An  earthen  jar  is  the  most  suitable  vessel  for  the  mixture,  although  a 
tight  odorless  tub  may  be  satisfactory.  Two  eight-gallon  jars  are  suffi- 
cient for  thirty  dozen  eggs,  using  the  quantity  of  solution  prescribed  above. 
After  the  water  glass  is  thoroughly  mixed,  pour  it  into  the  different 
vessels  to  be  used,  being  sure  that  the  vessels  are  absolutely  dean.  It  is 
expected  that  in  the  near  future  a  convenient  form  of  water-glass  powder 
will  be  on  the  market,  thus  avoiding  the  use  of  commerdal  solutions  varying 
greatly  in  strength.  If  more  water  is  needed  in  order  to  cover  the  eggs 
sufEdently,  this  may  be  safely  added  to  the  amoimt  of  five  quarts  of 
additional  water  to  each  one  and  one  half  quart  of  the  original 
commercial  water-glass  solution  used. 

Eggs  preserved  by  these  methods  have  a  rdativdy  small  air  cell  at  the 
end  of  ten  months  (Plate  vi,  sect.  9).  If  the  eggs  have  been  kept  in  a 
cool  place,  the  yolks  appear  well  up  in  the  albtmien,  and  fresh,  although 
sUghtly  darker  than  the  yolks  of  fresh  eggs.  The  deposit  of  lime  or  water 
glass  can  usually  be  detected  on  the  outside  of  the  shells.  When  opened, 
one  of  these  eggs  usually  possesses  a  characteristic  pink  albumen  (Plate 
VII,  sect.  29).  The  albumen  is  also  very  watery.  The  yolk  is  somewhat 
flattened  because  of  the  weakened  vitelline  membrane,  and  is  also  some- 
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what  darkened  in  color.  If  the  egg  is  infertile,  the  yolk  is  usually 
changed  in  color  than  if  the  egg  is  fertile.  Limed  eggs  possess  a  distinct 
chalky  odor  and  flavor.  If  salt  is  added  to  the  limewater  as  specified  in 
the  formula  given  above,  this  objectionable  feature  is  largely  avoided. 
Normal  water-glass  eggs  possess  practically  no  foreign  odor  or  flavor. 
Eggs  preserved  by  either  of  these  methods  are  usually  satisfactory  for 
home  use,  but  are  difficult  to  handle  on  the  market  because  of  the 
ignorance  of  customers  as  to  their  desirability. 

Cold  storage 

The  practice  of  placing  eggs  in  cold  storage  is  being  gradually  perfected, 
so  that  it  is  coming  to  be  a  distinct  economic  benefit  to  both  producers 
and  constmiers.  The  enormous  investment  necessary  for  the  erection  of 
a  cold  storage  plant  has  tended  to  keep  the  business  in  the  hands  of 
capitalists.  If  the  cold  stxjrage  business  is  properly  controlled,  market  condi- 
tions will  be  greatly  improved  by  the  presence  of  this  industry  in  the  field. 

In  order  to  properly  hold  eggs  in  cold  storage,  it  is  necessary  that  great 
care  be  given  to  uniformity  of  temperature,  humidity,  ventilation,  con- 
dition of  the  eggs  being  put  in  storage!  packages  used,  cleanliness  of  the 
rooms,  and  like  factors.  Because  of  this  it  is  advisable  for  most  persons 
to  store  their  eggs  in  a  large  commercial  storage  house,  rather  than  to 
endeavor  to  operate  a  small  private  plant. 

No.  I  cold  storage  eggs, —  A  cold  storage  egg  of  the  best  quality,  which 
has  been  properly  handled  and  held  in  storage  during  a  normal  season 
of  eight  months  at  about  30®  F.,  should  appear  to  the  candler  as  shown  in 
Plate  VI,  section  10.  The  air  cell  is  larger  than  that  of  the  home-preserved 
egg,  and  the  yolk  appears  slightly  darkened.  The  boundary  of  the  yolk 
is  very  distinct,  due  to  the  long  holding  at  a  low  temperature.  When 
opened,  this  best  grade  of  cold  storage  egg  appears  as  in  Plate  vir, 
section  30.  The  yolk  stands  up  very  round  and  full,  and  the  albtmien  is 
fairly  firm — much  more  so  than  in  the  home-preserved  egg.  The  albumen 
has  a  slightly  greenish  tint,  and  the  yolk  is  slightly  darkened. 

The  cold  storage  egg  appears  much  better  than  the  home-preserved 
egg  inmiediately  after  removal  from  the  storage  room  or  preservative. 
However,  the  storage  egg  deteriorates  very  rapidly  after  being  removed 
from  the  low  temperature,  and  soon  becomes  of  about  the  same  quality 
as  the  home-preserved  egg.  The  fact  that  cold  storage  eggs  can 
usually  be  boiled  without  cracking,  and  the  greater  transparency 
of  the  albumen,  cause  them  to  be  much  more  popular  on  the 
general  market  than  are  home-preserved  eggs.  They  are  suitable 
for  nearly  all  household  uses.  Due  to  the  long  holding  and  possible 
variations  of   temperature,  humidity,  ventilation,   and  the    like,    cold 
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storage  ^gs  are  particularly  susceptible  to  molds,  mustiness,  foreign 
odors  and  flavors,  and  bacterial  infection;  therefore  they  must  be 
carefully  examined  for  these  defects. 

No.  2  cold  storage  eggs. —  The  lower  grades  of  storage  eggs  appear 
as  in  Plate  vi,  section  11.  Here  the  air  cell  is  greatly  enlarged,  and  the 
yolk  is  darkened  and  somewhat  sunken  in  the  albtmien.  If  this  egg  is 
opened,  it  will  be  fotmd  to  be  very  watery,  the  yolk  flattened,  and  the 
albtunen  of  a  distinctly  darkened  tint.  The  vitelline  membrane  will  be 
so  weak  that  it  will  usually  break  as  the  egg  is  opened.  These  eggs  are 
suitable  for  cooking  purposes,  and  might  well  be  used  for  this  purpose 
by  city  persons  of  moderate  means.  The  condition  of  this  type  of  egg 
is  caused  either  by  poor  storage  methods  or  by  the  poor  condition  of  the 
egg  before  it  was  put  into  storage. 

Consumers  might  well  make  a  practice  of  buying  surplus  eggs  during  the 
early  spring  months,  when  the  eggs  are  of  better  quality,  and  preserving 
these  eggs  for  use  during  November,  December,  and  January.  The  total 
costs  for  cold  storage,  including  transportation,  storage  charges,  insiirance, 
recandling,  loss  due  to  deterioration,  and  interest  on  investment,  very 
seldom  amotmt  to  more  than  five  cents  for  a  dozen  eggs,  if  conditions 
of  handling  are  correct. 

Dried  and  frozen  eggs 
Cracked  and  broken  eggs,  as  well  as  many  of  the  other  inferior  grades, 
are  being  prepared  as  either  a  dried  or  a  frozen  product.  These  products 
are  very  satisfactory,  especially  for  hotel  or  bakery  use,  where  uniformity 
is  an  essential  feature.  The  dried  egg  products  are  convenient  for  use  in 
private  families  and  camping  parties,  since  they  may  be  used  satisfactorily 
for  many  purposes  as  substitutes  for  fresh  eggs.  Unless  mixed  with  other 
substances,  there  is  usually  an  objectionable  sweet  taste  in  the  egg 
powder.  One's  appetite  for  egg  products,  however,  could  probably  be 
cultivated  if  they  were  used  habitually.  These  products  are  manu- 
factured principally  in  the  States  of  the  Middle  West,  where  many 
of  the  large  egg  packing-houses  are  located. 

SUGGESTIONS  TO  PRODUCERS 

1.  Keep  only  strong,  healthy  breeders  or  layers,  thus  avoiding  many 
inherited  tendencies  to  produce  inferior  eggs. 

2.  Do  not  incubate  any  eggs  of  inferior  market  quality.  The  char- 
acter may  be  inherited,  as  is  the  size,  shape,  and  color  of  eggs. 

3.  Handle  fertile  eggs  with  special  care,  and  keep  all  ms^e^  separate 
from  the  flock  except  during  the  breeding  season. 
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4.  Peed  the  layers  with  proper  rations.  Avoid  foods  giving  undesirable 
colors,  flavors,  or  odors  to  the  egg  contents. 

5.  Supply  plenty  of  lime  for  the  formation  of  strong  eggshells.  This 
will  avoid  the  probability  of  much  contamination  and  breakage. 

6.  Have  the  houses  well  ventilated,  thereby  making  them  warmer  in 
winter  and  cooler  in  summer.  Thus  the  eggs  will  not  be  infected  from 
filthy  air,  nor  will  they  be  chilled  or  heated  readily. 

7.  Have  the  floors  of  houses,  nests,  dropping  boards,  and  the  surround- 
ing ground,  clean.  If  hens  with  filthy  feet  go  to  the  nests,  the  eggs  and 
the  nests  will  be  soiled. 

8.  Supply  plenty  of  nests,  and  locate  these  so  that  the  eggs  will  be 
evenly  divided.  Many  eggs  in  one  nest  means  excessive  heating  of  the 
first  eggs  laid.  Use  nest  eggs  if  necessary,  in  order  to  insure  better  dis- 
tribution of  the  eggs.     One  nest  to  six  hens  is  usually  sufficient. 

9.  If  any  eggs  are  found  in  stolen  nests,  in  the  litter,  or  otherwise  so 
that  their  age  or  condition  is  not  absolutely  known,  candle  such  eggs 
before  selling. 

10.  Gather  the  eggs  regularly.  Twice  each  day  is  advisable  during 
excessively  warm  or  excessively  cold  weather. 

11.  Separate  all  soiled  eggs  from  the  others  at  once,  and  use  them  at 
home  if  possible.  If  all  the  soiled  eggs  cannot  be  used  at  home,. wipe 
them  at  once  with  a  damp  cloth.  Avoid  appljdng  an  excessive  amoimt 
of  moisture  to  the  shells.  If  eggs  are  to  go  into  cold  storage,  do  not 
clean  them. 

12.  Separate  all  checks  and  leakers,  and  use  them  at  home  or  sell  them 
separately. 

13.  Place  eggs  in  a  cool  and  rather  moist,  clean  place  as  soon  as  gathered, 
and  hold  them  there  until  sold. 

14.  Do  not  store  eggs  where  they  may  absorb  odors  from  other  prod- 
ucts. 

15.  Sell  all  eggs  at  least  once  each  week.  The  time  to  sell  should  be 
adjusted  to  the  market  and  to  the  conditions  under  which  the  eggs  may 
be  held. 

16.  Pack  and  handle  eggs  in  such  a  way  as  to  avoid  as  far  as  possible 
any  imnecessary  jarring,  dust,  and  the  like. 

SUGGESTIONS  TO  DEALERS 

I.  Buy  eggs  on  a  quality  basis;  in  other  words,  candle  the  eggs,  and 
discriminate  between  good  and  poor  ones.  This  will  protect  you,  benefit 
the  producer  who  takes  care  of  his  eggs,  and  encourage  all  producers  to 
improve  their  products. 
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2.  Show  the  producers  the  kind  of  eggs  you  need  for  your  trade.  They 
will  undoubtedly  try  to  produce  them. 

3.  Remove  all  soiled  and  cracked  eggs  from  the  others  as  soon  as  re- 
ceived.   These  should  be  sold  separately. 

4.  Do  not  keep  eggs  any  longer  than  is  necessary.  Every  day  they 
are  held  injtires  their  quality. 

5.  Keep  eggs  in  a  cool  and  rather  moist  place.  If  artificial  refrigeration 
is  available,  a  temperature  of  about  40**  F.  is  desirable. 

6.  Do  not  store  eggs  with  fruits  or  other  products  possessing  distinct 
odors.    The  eggs  may  absorb  these  odors. 

7.  Avoid  all  imnecessary  shaking  and  handling  of  eggs. 

SUGGESTIONS  TO  CONSUMERS 

1.  Buy  eggs  from  some  responsible  person  or  firm  that  guarantees 
their  quality.  This  will  insure  a  standardized  product  that  can  be  depended 
upon  for  certain  definite  uses. 

2.  Do  not  buy  more  than  a  week's  supply  at  one  time,  except  when 
the  eggs  are  to  be  held  in  cold  storage  or  in  water-glass  solution,  or  other- 
wise preserved. 

3.  The  very  best  grades  of  eggs  are  not  necessary  for  all  kitchen  pur- 
poses; light  floats,  heavy  floats,  checks,  eggs  having  small  meat  spots  or 
small  blood  clots,  cold  storage  eggs,  water-glass  eggs,  limed  eggs,  and 
seven-day  incubator  infertiles,  can  probably  be  used  satisfactorily  for 
many  purposes.    All  these  eggs  seem  to  be  as  healthful  as  the  best  grades. 

4.  Buy  eggs  in  surplus  quantities  during  March,  April,  and  May,  and 
place  them  in  some  preservative  or  in  cold  storage  for  use  during  the 
winter  months,  when  fresh  eggs  are  scarce  and  expensive. 

5.  Candle  all  eggs  ptirchased,  at  least  occasionally,  in  order  to  see  how 
they  grade.    Return  all  poor  eggs  and  learn  the  cause  of  their  condition. 

6.  Provide  a  cool  and  rather  moist,  clean  place  for  keeping  eggs. 

7.  Keep  eggs  separate  from  any  food  products  that  possess  distinct 
odors. 

8.  Break  eggs  into  a  separate  dish  before  using. 

9.  If  it  is  possible  to  be  in  touch  with  the  producer  of  your  egg  supply, 
urge  him  to  take  better  care  of  his  flock  and  his  eggs. 

10.  In  many  cases  it  is  possible  for  consumers  to  have  a  flock  of  poultry 
of  their  own;  they  should  make  use  of  this  opportunity. 

•   34 


Digitized  by  VjOOQ IC 


S30  Bulletin  353 

BIBLIOGRAPHY* 

Atwoody  Horace 

1914  Some  factors  affecting  the  weight,  composition,  and  hatch- 
ability  of  hen  eggs.  West  Virginia  Univ.  Agr.  Exp.  Sta. 
Bui.  145:71-102. 

Seasonal  variation  in  the  composition  of  hens*  eggs. 

Benjamin,  Earl  W. 

1912  Preservation  of  eggs.  In  Cornell  reading-course  lesson  for  the 
farm  home  1:21: 298-300. 

Cold  storage  of  eggs;  home  preservation  of  eggs;  limewater;  water- 
glass  somtion. 

Bradshawy  G. 

X906    A  practical  study  of  eggs.    Artificial  incubating  and  brooding, 

p.  13-15. 

A  non-technical  presentation  of  the  formation  and  productioQ  of 
^gs;  the  causes  of  various  abnormal  egg^. 

Brecheminy  L* 

1894    Poules  et  poulaillers,  p.  197-214. 

Formation,  composition,  and  preservation  of  eggs. 

Brigham,  Arthur  A. 

1908    Progressive  poultry  culture,  p.  47-53,  163-177. 

The  formation  of  the  egg;  freshness  and  fertility  of  eggs;  the 
successive  stages  of  incubation;  marketing. 

Brown,  Edward 

1904  Poultry-keeping  as  an  industry  for  farmers  and  cottagers, 
p.  66-73,  166-177. 

Formation  of  the  egg;  preservation;  marketing. 

Brown,  W.  A. 

19x2    The  care  of  market  eggs.    Can.  Agr.  Dept.    Bui.  16:1-24. 

Suggestions  for  proper  care  of  market  eggs;  heated  eggs;  shrunken, 
h3d,  and  stale  eggs;  rotten  eggs;  dirty,  molded,  and  l^d-flavored 


Bushnell,  L.  D.,  and  Maurer,  Otto 

1914    Some  factors  influencing  the  bacterial  content  and  keeping 
quality  of  eggs.    Kansas  Agr.  Exp.  Sta.    Bui.  201 :  751-777. 
Method  of  infection;  chemical  and  bacteriological  examinations; 
relation  between  bacterial  content  and  keeping  quality. 

Collingwood,  Herbert  W. 

1910    The  business  hen,  p.  14-23,  36-37,  116-120. 

Formation  of  the  egg;  abnormal  eggs;  composition  of  the  egg; 
testing;  marketing. 

Cooper,  Madison 

1905    Practical  cold  storage,  p.  194-223. 

^ Eggs  in  cold  storage;  temperature;  humidity;  ventilation;  packages. 

•A  more  complete  hibliapEraphy  is  ty^^Je  m  tiie  tothar'f  files. 


Digitized  by  VjOOQ IC 


Thb  Interior  Quality  of  Market  Eggs  531 

Curtis,  Maynie  R. 

19x0    The  ligaments  of  the  oviduct  of  the  domestic  fowl.     Maine 
Agr.  Exp.  Sta.    Bui.  176:1-20. 

Developnient  of  oviduct  and  ligaments;  oviduct  in  advilt 
xgxx    An  accurate  method  for  determining  the  weight  of  the  parts  of 
the  ^gs  of  birds.    Maine  Agr.  Exp.  Sta.    Bui.  191 :  93-112. 

Cyphersy  Charles  A. 

1894    Incubation  and  its  natural  laws. 

The  structure  of  the  egg;  temperature  at  which  to  keep  eggs. 

Dixon,  Edmund  Saul 

1850    Ornamental  and  domestic  poultry,  p.  169-186. 
An  historical  sketch  of  preservation  of  eggs. 

Duval,  Mathias 

1889    Atlas  d'embryologie. 

Forty  chromolithographed  plates  of  embryolo^cal  development. 

Foster,  M.,  and  Balfour,  F.  M. 

1874    Th®  elements  of  embryology,  p.  11-26. 

The  structure  of  the  hen's  ^g  and  the  changes  that  take  place 
before  the  banning  of  incubation. 

Gayot,  EugSne 

1864    Poules  et  oeufs,  p.  90-111,  122-127. 

The  production,  preservation,  and  transportation  of  eggs. 

Glaser,  Otto 

1913    On  the  origin  of  double-yolked  eggs.     Biological  bul.  24:175- 
186. 

Greenlee,  A.  D. 

19x1     Deterioration  of  eggs  as  shown  by  changes  in  the  moisture 
content.    U.  S.  Chem.  Bur.    0110.83:1-7. 

Hare,  J.  H.,  and  Benson,  T.  A. 

19x3    Farm  poultry  and  egg  marketing  conditions  in  Ontario  County. 
Ont.  Agr.  Dept.    Bul.  208:1-31. 

Care  of  eggs  on  the  farm;  candling  and  grading  market  eggs. 

Hargitt,  Charles  W. 

1899    Some  interesting  egg  monstrosities.     2kx)logical  bul.  2:225- 

229. 
X912    Double  eggs.    Amer.  nat.  46:556-560. 

Hastings,  Milo  M. 

1909    The  egg  trade  of  the  United  States.      U.  S.  Animal  Indus. 
Bur.    Circ.  140:1-34. 

Detrimental  changes  in  eggs  and  consequent  losses;  cold  storage  of 
^gs;  preserving  eggs  by  other  means  than  cold  storage;  quality 
in  eggs;  methods  of  marketing. 

19x1    The  dollar  hen,  p.  130-162. 

Quality  in  eggs;  how  eggs  are  spoiled;  how  ^gs  are  marketed. 


Digitized  by  VjOOQ IC 


532  Bulletin  353 

Hawkins,  H.  V. 

19x0    Poultry  fanning  on  small  holdings.  Victoria  Agr.  Dept.  Joum. 

8:1-31- 

Preserving  eggs;  misshapen  eggs;  eggs  without  shells. 

Herrick,  Francis  H. 

1899    Ovum  in  ovo.    Amer.  nat.  33 :  409-414. 

Cases  of  abnormal  eggs  fotmd  in  history.     A  description  of  the 
appearance  of  the  ovum  in  ovo. 

Johnsony  A.  T. 

19x0    Chickens  and  how  to  raise  them,  p.  12-16,  67-69,  131,  146-149. 
Structure  of  egg;  uses  of  albumen;  air  cell  in  e{;g;  shell  of  an  e^; 
chiUed  eggs;   overheated  eggs;  blood  spots  m  eggs;   preserving 
eggs. 

Lamon,  Harry  M.,  and  Opperman,  Charles  L. 

X9XX    The  improvement  of  the  farm  egg.    U.  S.  Animal  Indus.  Bur. 
Bui.  141:1-43. 

Factors  influencing  quality  in  eggs;   classes  of  deteriorated  eggs; 
markets  for  the  farmers;  suggestions  to  farmers  and  merchants. 

19x3    The  care  of  the  farm  egg.    U.  S.  Animal  Indus.  Bur.    Bui. 
160:1-53. 

The  relation  of  temperature  and  nesting  places  to  the  deterioration 
of  eggs. 

Lamson,  G.  H. 

1911    Water  glass  a  preservative  for  eggs.    Connecticut  (Storrs) 
Agr.  Exp.  Sta.    Bui.  67 :  267-274. 

Decomposition  of  eggs;  infection  of  eggs;  temperature. 

Langworthy,  C.  F. 

190X    Eggs  and  their  uses  as  food.    U.  S.  Agr.  Dept.    Farmers' 
bul.  128:1-32. 

Description  and  composition  of  eggs;  preserving  eggs;  desiccated 
eggs;  egg  powders;  egg  substitutes;  navor  and  cc^r  of  eggs. 

Lewer*  S.  H. 

X912    Wright's  book  of  poultry,  p.  55-66. 

Formation  of  the  eg^;  structure  of  the  egg;  storing  and  preserv- 
ing; moisture;  testmg. 

LewiSy  Harry  R. 

X914    Productive  poultry  husbandry,  p.  300-311,  422-443. 

Formation    of  the  egg  and  chicken;    marketing;  selecting  and 
grading. 

Lillie,  Frank  R. 

1908    The  development  of  the  chick,  p.  20-26. 

Chemical  composition  of  the  hen's  egg;   formation  of  the  egg; 
abnormal  eggs. 

(Anonymous) 

S9xa    Market   eggs   and   their  improvement.    U.   S.   Agr.    Dept. 
Fanners'  bul.  517:13-15. 


Digitized  by  VjOOQ IC 


Thb  Interior  Quality  op  Market  Eggs  533 

Maurer,  Otto 

19x1  Bax^teriological  studies  of  newly  laid  eggs.  Kansas  Agr.  Exp. 
Sta.    Bui.  180:360-396. 

Bacterial  infection  of  eggs  during  formation;  healthfulness  of  frozen 
and  desiccated  eggs. 

Osborne,  Thomas  R. 

1899  ^^  albumin.  Conn.  Agr.  Exp.  Sta.  Rept.  22  (1898)  1317- 
325. 

Owen,  Richard 

1866    On  the  anatomy  of  vertebrates,  2: 246-258. 
Structure  of  the  laid  egg. 

Parham,  G.  E. 

1907    Results  of  experimental  work  in  the  United  Kingdom.  Official 
report  of  Second  National  Poultry  Conference,  p.  238-246. 
Preservation  of  eggs  by  water  glass,  and  composition  of  the  pre- 
served eggs. 

Parker,  G.  H. 

1906    Double  hens'  eggs.    Amer.  nat.  40:13-25. 

Patterson,  J.  Thomas 

191 1    A  double  hen's  egg.    Amer.  nat.  45:54-59. 

Pearl,  Raymond 

1913  Poultry  notes  1911-1913.  Maine  Agr.  Exp.  Sta.  Bui.  216: 
141-168. 

How  the  white  of  the  egg  is  made. 

Pennington,  M.  E. 

1910  Studies  of  poultry  from  the  farm  to  the  consumer.  U.  S.  Chem. 
Bin-.     Circ.  64:1-42. 

Examination  of  storage  eggs;  the  refrigeration  of  eggs. 
19x2    Practical  suggestions  for  the  preparation  of  frozen  and  dried 
eggs.    U.  S.  Chem.  Bin-.    Circ.  98: 1-12. 

A  study  of  eggs  in  the  shell;  bacterial  contamination  during  handling. 

Pennington,  M.  E.,  Jenkins,  M.  K.,  St  John,  E.  Q.,  and  Hicks,  W.  B. 
X914    A  bacteriological  and  chemical  study  of  commercial  eggs  in 
the  producing  districts  of  the  Central  West.     U.  S.  Chem. 
Bur.    Bui.  51:1-77. 

Pennington,  M.  E.,  and  Pierce,  H.  C. 

X911  The  effect  of  the  present  method  of  handling  eggs  on  the 
industry  and  the  product.  U.  S.  Agr.  Dept.  Yearbook 
19x0:461-476. 

Grades  of  market  e^gs;  effect  of  dampness  and  heat  on  quality; 
candling  and  grading;  cold  storage  eggs. 


Digitized  by  VjOOQ IC 


534  Bulletin  353 

PhilipSi  A.  6. 

X909  The  marketing  of  eggs.  Kansas  Agr.  Exp.  Sta.  Bui.  162: 
243-258. 

Causes  of  bad  eggs;  handling;  keeping;  marketing. 
291 Z    How  to  detect  bad  eggs.     Purdue  Univ.  Agr.  Exp.  Sta.     News- 
paper bul.  175:1. 

Candling  eggs;  grading  eggs;  description  of  egg  contents. 

Pierce,  H.  C. 

29x3  How  the  produce  dealer  may  improve  the  quality  of  poultry 
and  eggs.     U.  S.  Agr.  Dept.    Yearbook  1912:345-352. 

Purvis,  MiUer 

19ZO    Poultry  breeding,  p.  120-136,  311-320,  323. 

Bad-flavored  eggs;  food  value  of  eggs;  how  to  test  egg^s;  methods 
of  preserving;  structure  of  the  egg;  chemical  composition  of  the 
egg;  useful  information  about  eggs. 

Quisenbeny,  T.  E. 

1912  The  poultryman's  guide,  p.  155,    173-177.      Missouri  State 

Potdtry  Exp.  Sta. 

Preserving  eggs;  marketing  eggs;  requisites  for  good  market  eggs; 
loss  in  baaeggs. 

(Anonjmious) 

1900  Relation  of  feed  to  the  flavor  of  eggs.  U.  S.  Agr.  Dept. 
Farmers*  bul.  122:25-26. 

Rettger,  Leo  F. 

1913  The  bacteriology  of  the  hen's  egg,  with  special  reference  to 

its  freedom  from  microbic  invasion.     Coimecticut  (Storrs) 
Agr.  Exp.  Sta.    Bid.  75:191-213. 

Rice,  James  E. 

X9XI  The  parts  of  an  egg.  In  Cornell  rural  school  leaflet  5:1 :  137- 
140. 

Robinson,  John  H. 

X912    Principles  and  practice  of  poultry  culture,  p.  238-240,  584-585. 
The  ^;g;  packing  and  shipping. 

Rogers,  C.  A. 

1912  Feeding  color  —  an  aid  in  studying  physiological  development. 
International  Association  of  Instructors  and  Investigators 
in  Poultry  Husbandry.     Proc.  i :  7  7-8 1 . 

Schryver,  S.  B. 

1906  Chemistry  of  the  albumens;  ten  lectures  delivered  in  the 
Michaelmas  term,  1904,  in  the  physiological  department  of 
University  College,  London,  p.  1-192. 


Digitized  by  VjOOQ IC 


The  Interior  Quality  op  Market  Eggs  S3S 

SinmioiidSi  P.  L. 

1889    Eggs  in  chemistry  and  coimnerce.    Popular  science  monthly 
35:92-105. 

Chemical  analysis  of  eggs;  use;  preservation. 

Simony  Charles  E. 

X904    A  text-book  of  physiological  chemistry  for  students  of  medicine 
and  physicians,  p.  455-463. 

Chemical  composition  of  the  shell,  albumen,  yolk,  and  fats;  in- 
cubation. 

StUeSi  6.  W.|  and  Bates,  Carleton 

1912  A  bacteriological  study  of  shell,  frozen,  and  desiccated  eggs. 

U.  S.  Chem.  Bur.    Bui.  158:1-36. 

Conditions  affecting  the  quality  of  eggs  used  for  freezing  and  dry- 
ing; methods  of  (hying  eggs;  bactenological  data  on  fresh  eggs. 

Strauchy  R. 

1896    Das  huhnerei  als  nahrungsmittel  und  conservirung  der  eier, 
p.  18-51. 

Methods  of  preservation. 

Surface,  Frank  M. 

Z912    The  histology  of  the  oviduct  of  the  domestic  hen.    Maine  Agr. 
Exp.  Sta.    Bui.  206:395-430. 

A  detailed  account  of  the  microscopic  anatomy  of  the  oviduct 
of  the  domestic  fowl;  ph^siolcM^  of  albumen,  membrane,  and 
shell  formation  in  the  malong  of  an  egg. 

(Anonymous) 

1913  Testing  eggs  by  Roentgen  rays.    Sci.  Amer.  108:71. 

Ticcy  W.  G. 

1912    A  chemical  and  bacteriological  study  of  eggs.    New  Jersey 
Board  of  Health.    Ann.  rept.  35(i9ii):275-295. 

Valentincy  C.  S. 

1912    The  beginner  in  poultry,  p.  244-253. 

Studying  eggs;  abnormalities;  shell  texture  and  variation;  market 
grading. 

Wheelety  W.  P. 

z888    Poultry  experiments.    New  York  (Geneva)  Agr.  Exp.   Sta. 
Rept.  7  (1888):  59-71. 

Z908    Experiments  with  poultry.     New  York  (Geneva)  Agr.  Exp. 
Sta.    Rept.  26:3 :  72-101. 

Source  of  material  for  the  eggshell;  preserving  eggs. 
Wfley,  H.  W. 

1908    A  preliminary  study  of  the  effects  of  cold  storage  on  eggs, 
quail,  and  chickens.    U.  S.  Chem.  Bur.    Bui.  115:1-117. 

Physical  characteristics;  chemical  analysis;  bacterial  ezaminatioii; 
microGcopic  examination. 


Digitized  by  VjOOQ IC 


536  Bulletin  353 

WOIardi  J.  T.,  and  Shaw,  R.  H. 

1909    Analyses  of  eggs.    Kansas  Agr.  Exp.  Sta.    Bui.  159:143-177. 
Thickness  and  strength  of  the  shell;  determination  of  phosphorus 
in  yolks. 

Woods,  Charles  D.,  and  Merrilly  L.  H. 

1902    Analyses  of  miscellaneous  food  materials.    Maine  Agr.  Exp. 
Sta.    Rept.  17(1901):  89-94. 
Egg  analysis; 


Digitized  by  VjOOQ IC 


JANUARY,  19x5  BULLETIN  354 

CORNELL  UNIVERSITY 

AGRICULTURAL  EXPERIMENT  STATION  OF 

THE  COLLEGE  OF  AGRICULTURE 
Departments  oif  Plant  Pathology  and  Entomology 


FURTHER    EXPERIMENTS    IN    THE    DUSTING   AND 
SPRAYING  OF   APPLES 


By  DONALD  REDDICK  and  C.  R.  CROSBY 


ITHACA.  NEW  YORK 
PUBLISHED  BY  THE  UNIVERSITY 

[537I 


Digitized  by  VjOOQ IC 


CORNELL  UNIVERSITY 
AGRICULTURAL  EXPERIMENT  STATION 

EXPBRIMBNTING   StaPP 

BEVERLY  T.  GALLOWAY.  B.Agr.Sc.,  LL.D..  Director. 
ALBERT  R.  MANN.  B.S.A..  Secretary  and  Bditor. 
JOHN  H.  COMSTOCK,  B.S.,  Entomology. 
-     HENRY  H.  WING.  M.S.  in  Agr..  Animal  Husbandry. 
T.  LYTTLBTON  LYON.  Ph.D..  Soil  Technology. 
JOHN  L.  STONE.  B.Agr..  Farm  Practice. 
JAMES  E.  RICE,  B.S.A.,  Poultry  Husbandry, 
GEORGE  W.  CAVANAUGH.  B.S.,  Agricultural  Chemistry. 
HERBERT  H.  WHETZEL.  M.A..  Plant  Pathology. 
ELMER  O.  PIPPIN.  B.S.A..  SoU  Technology. 
G.  P.  WARREN,  Ph.D..  Parm  Management. 
WILLIAM  A.  STOCKING.  Jr..  M.S.A..  Dairy  Industry. 
CHARLES  S.  WILSON,  A.B.,  M.S.A.,  Pomology. 
WILPORD  M.  WILSON,  M.D.,  Meteorology. 
RALPH  S.  HOSMER,  M.P.,  Forestry. 
JAMES  G.  NEEDHAM.  Ph.D..  Entomology  and  Limnology. 
ROLLINS  A.  EMERSON,  Ph.D..  Plant  Breeding. 
HARRY  H.  LOVE,  Ph.D.,  Plant  Breeding. 
ARTHUR  W.  GILBERT.  Ph.D.,  Plant  Breeding. 
DONALD  REDDICK.  Ph.D..  Plant  Pathology. 
EDWARD  G.  MONTGOMERY,  M.A.,  Parm  Crops. 
WILLIAM  A.  RILEY,  Ph.D.,  Entomology. 
MBRRITT  W.  HARPER,  M.S..  Animal  Husbandry. 
J.  A.  BIZZELL.  Ph.D.,  Sofl  Technology. 
GLENN  W.  HERRICK,  B.S.A.,  Economic  Entomology. 
HOWARD  W.  RILEY,  M.S..  Farm  Mechanics. 
CYRUS  R.  CROSBY.  A.B.,  Entomology. 
HAROLD  E.  ROSS,  M.S.A,  Dairy  Industry. 
KARL  McK.  WIEGAND,  Ph.D..  Botany. 
WILLIAM  H.  CHANDLER,  M.S.  in  Agr.,  Pomology. 
ELMER  S.  SAVAGE,  M.S.A.,  Ph.D..  Animal  Husbandry. 
LEWIS  KNUDSON,  Ph.D.,  Plant  Physiology. 
KENNETH  C.  LIVERMORE,  B.S.  in  Agr..  Parm  Management. 
EDWARD  A.  WHITE,  B.S.,  Floriculture. 
ALVIN  C.  SEAL.  Ph.D..  Floriculture. 
MORTIER  P.  BARRUS.  Ph.D.,  Plant  Pathology. 
CLYDE  H.  MYERS,  M.S..  Ph.D.,  Plant  Breeding. 
GEORGE  W.  TAILBY,  Jr.,  B.S.A..  Superintendent  of  Live-stock. 
EDWARD  S.  GUTHRIE,  M.S.  in  Agr.,  Ph.D.,  Dairy  Industry. 
JAMES  C.  BRADLEY.  Ph.D.,  Entomology. 
PAUL  WORK,  B.S.,  A.B.,  Vegetable  Gardening. 
JOHN  BENTLEY,  Jr.,  B.S.,  M.F.,  Forestry. 
EARL  W.  BENJAMIN,  Ph.D.,  Poultry  Husbandry. 
EMMONS  W.  LELAND,  B.S.A.,  SoU  Technology. 
CHARLES  T.  GREGORY,  Ph.D..  Plant  Pathology. 
WALTER  W.  PISK,  M.S.A..  Dairy  Industry. 
ARTHUR  L.  THOMPSON,  M.S.  in  Agr.,  Parm  Management. 
ROBERT  MATHESON.  Ph.D.,  Entomology. 
HORACE  M.  PICKERILL,  B.S.,  Dairy  Industry. 
MORTIMER  D.  LEONARD,  B.S..  Entomology. 
PRANK  E.  RICE,  Ph.D.,  Agricultural  Chemistry. 
V.  B.  STEWART,  Ph.D..  Plant  Pathology. 
LELA  G.  GROSS,  Assistant  Editor. 

The  regular  bulletins  of  the  Station  are  sent  free  to  persons  residing  in  New  York  State  who  request 
them. 

I538] 


Digitized  by  VjOOQIC 


Ithaca,  New  York,  November  30,  1914. 
Director  B.  T.  Galloway, 
College  of  Agriculture,  • 
Ithaca,  New  York. 
Dear  Sir: 

We  beg  to  submit  herewith  a  report  of  work  done  under  the  Herman 
Frasch  Industrial  Fellowship,  with  the  recommendation  that  it  be  published 
as  Experiment  Station  Bulletin  354. 

The  work  was  performed  during  the  simuner  of  1914  in  the  orchards  of 
Fred  H.  Glidden  &  Son,  HoUey,  New  York,  E.  W.  Catchpole  &  Sons, 
North  Rose,  New  York,  and  O.  W.  Friedah,  Owego,  New  York.  The 
writers  are  particularly  indebted  to  these  men  for  their  hearty  cooperation 
in  placing  their  orchards  at  our  disposal  and  in  liberally  aiding  the  investi- 
gations in  every  way  possible. 

Valiiable  assistance  in  various  technical  details  of  the  experiments  has 
been  given  by  Dr.  Robert  Matheson  and  M.  D.  Leonard,  of  the  Department 
of  Entomology,  Dr.  V.  B.  Stewart  and  H.  D.  Hendricks,  of  the  Department 
of  Plant  Pathology,  and  S.  C.  Bishop.  The  materials  used  were  kindly 
furnished  by  the  Union  Sulfur  Company,  New  York  City,  and  the  Corona 
Chemical  Company,  Milwaukee,  Wisconsin;  the  dusting  machines  were 
furnished  by  the  Kansas  City  Dust  Sprayer  Manufacturing  Company. 

Respectfully  submitted, 
Donald  Reddick, 

Professor   of   Plant    Pathology, 
C.  R.  Crosby, 

Professor  of  Entomology. 
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FURTHER  EXPERIMENTS  IN  THE  DUSTING  AND    SPRAYING 

OF  APPLES 

Donald  Reddick  and  C.  R.  Crosby 
(Received  for  ptiblication  November  jo,  1914) 

INTRODUCTORY 

The  appearance  of  a  bulletin  from  this  station  by  F.  M.  Blodgett^  has 
renewed  the  interest  of  apple  growers  in  the  possibility  of  applpng  fungi- 
cides and  insecticides  in  the  dry  state  for  the  control  of  certain  diseases  and 
insects  of  the  orchard,  the  most  notable  of  which  are  scab  disease,  codling 
moth,  leaf  roller,  and  green  fruit-worm.  It  appears  from  Blodgett's  work 
that  an  exceedingly  finely  ground  sulfur  appUed  in  the  dry  state  is  a  fairly 
satisfactory  substitute  for  lime-sulfur  solution  in  the  control  of  apple  scab, 
and  that  powdered  arsenate  of  lead,  in  the  quantities  used,  is  more  effective 
in  the  control  of  the  various  insects  that  chew  than  is  the  same  material 
appUed  in  suspension  in  water  according  to  the  general  practice.  The  data 
show  that  dusting  is  a  much  more  rapid  process  than  spraying,  but  that  the 
cost  per  tree  is  greater  for  the  dry  method  than  for  the  wet. 

The  rigid  requirements  of  the  new  apple  packing  law^  have  awakened  an 
unusual  interest  in  more  efficient  methods  of  disease  and  insect  control,  and 
the  apparent  vagaries  of  the  ftmgus  causing  apple  scab  have  again  brought 
forcibly  to  the  attention  of  apple  growers  the  fact  that  "they  may  make  all 
the  appUcations  of  spray  usually  recommended  for  the  orchard  and  still 
have  scabby  fruit."  The  statement  is  fully  verified  in  the  records  to  be 
found  later  in  this  bulletin.  Many  growers  realize  that  the  time  of  ap- 
plication is  all-important  in  scab  control,  and  many  make  an  effort  to  cover 
their  trees  with  spray  at  critical  times.  Lack  of  equipment  or  of  sufficient 
help  often  prevents  this,  the  latter  item  being  the  more  important  factor. 
The  young  orchards  that  are  rapidly  coming  into  bearing  add  to  the  diffi- 
culty, and  altogether  orchard  spraying  makes  a  big  addition  to  the  seasonal 
labor  load. 

The  basis  on  which  renewed  trials  of  dry  mixtures  have  been  made  is 
fully  detailed  by  Blodgett  in  the  bulletin  already  referred  to,  which  includes 
also  a  r6sum6  of  previous  work  along  the  same  line.  The  work  reported 
in  the  present  bulletin  is  a  direct  continuation  of  that  done  by  Doctor 
Blodgett,  and  his  advice  and  criticism  were  available  in  the  planning  of  the 
work. 


Blodgett,  F.  M.    Experiments  in  the  duBttng  and  8pra3ring  of  apples.    Cornell  Univ.  Agr.  Exp.  Sta. 
Apple  Grading  Law.    Chapter  418  of  the  Laws  of  i9X4- 
t54iJ 
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objects  op  the  present  investigation 
The  important  points  for  determination  seemed  to  be  as  follows: 

1.  Is  the  dust  method  practicable  in  very  large  old  trees,  such  as  are 
frequently  found  in  New  York  orchards  ?  In  order  to  answer  this  pertinent 
inquiry,  a  Baldwin  orchard,  approximately  fifty  years  of  age,  was  selected 
for  one  of  the  experiments.  In  picking  the  fruit,  it  was  necessary  to  use 
ladders  thirty  feet  long  in  some  of  the  trees. 

2.  Can  the  results  obtained  ini9i3  be  duplicated  or  improved  in  another 
season? 

3.  Can  a  nnixture  be  used  that  contains  a  smaller  percentage  of  lead 
arsenate  as  the  insecticidal  agent?  The  work  of  19 12  indicated  that  a 
mixture  containing  10  per  cent  of  lead  arsenate  is  effective,  and  as  this  is 
the  expensive  ingredient  in  the  mixture  it  is  desirable  to  reduce  the  quantity 
used  as  much  as  possible. 

4.  Can  the  quantity  of  fungicide  applied  per  tree  be  reduced?  This 
might  have  been  done  directly  by  applying  smaller  quantities,  but,  since 
the  next  point  also  was  involved,  it  was  accomplished  by  adding  diluents. 

5.  Can  the  adhesive  properties  of  the  dry  mixture  be  improved  by  the 
addition  of  an  inert  substance?  Three  substances,  which  from  preliminary 
tests  gave  promise  of  success,  were  tried.  These  were  (i)  hydrated  lime, 
a  substance  comnionly  used  in  many  previous  experiments;  (2)  finely 
ground  gypsum,  which  is  of  about  the  same  commercial  value  as  hydrated 
lime  but  which  will  not  react  with  the  oxidation  products  of  sulfur;  (3)  a 
cheap  grade  of  wheat  flour.  The  glutinous  nature  of  the  flour  seemed,  in 
previous  tests  and  when  used  in  considerable  quantity,  to  improve  the 
adhesiveness  of  the  mixtxue. 

6.  Is  the  fine  sulfur  applied  in  suspension  in  water  an  efficient  fungicide? 
The  use  of  a  paste  sulfur  mixture  employed  by  Blodgett  did  not  give  par- 
ticularly promising  results,  but  it  was  thought  worth  while  to  make  an- 
other trial  of  a  home-prepared  paste,  using  the  finely  divided  sulfur  em- 
ployed in  the  dust  mixtures. 

The  experiments  of  the  season,  therefore,  hinged  about  these  six  con- 
siderations. 

Comparisons  were  made  with  a  plat  of  trees  treated  with  the  standard 
treatment,  lime-sulfur  solution  and  arsenate  of  lead,  and  with  a  plat  of 
trees  that  received  no  summer  treatment.  Details  as  to  quantities  of  ma- 
terial used,  dates  of  application  and  conditions  influencing  the  same,  time 
required,  comparative  costs,  results,  and  methods  of  recording  data,  are 
given  in  connection  with  the  individtial  experiments. 

For  experimental  purposes  small  trees  are  desirable,  but  if  dusting  is  to 
prove  of  greatest  value  it  must  be  effective  in  the  very  large  old  trees  so 
frequently  found  in  many  of  our  orchards.    Accordingly  a  Baldwin  orchard 
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approximately  fifty  years  of  age  was  selected  for  one  of  the  experiments.  In 
the  other  two  cases,  the  highly  susceptible  variety  Ben  Davis  was  used. 
The  orchards  are  widely  separated  geographically,  thus  overcoming  local 
variations  and  making  any  results  obtained  of  general  application. 

EXPBRIMBNTS    IN    THB    GLIDDBN    ORCHARD    AT    HOLLBY 

The  experimental  orchard  at  HoUey  consisted  of  a  block  of  Baldwin  trees 
twenty  rows  wide  and  twelve  rows  long,  with  other  trees  of  the  same  size 
and  age  on  three  sides,  as  shown  in  Fig.  i6.    The  black  lines  separate  the 
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Fig.  16. —  Chart  showing  plan  of  experiments  performed  in  the  Glidden  orchard,  Holley, 
New  York,  The  Baldwin  trees  (B)  enclosed  in  the  black  lines  represent  the  various 
plats,  and  the  trees  indicated  by  bold-faced  type  are  the  trees  from  which  the  apples  were 
counted.  The  exponents  refer  to  the  order  in  which  the  data  are  presented  in  the  table, 
Bj  Baldwin;  T,  Twenty  Ounce;  X,  odd  varieties;  O,  missing  trees 

variously  treated  plats,  and  the  letters  set  in  bold-faced  tjrpe  indicate  the 
trees  from  which  counts  were  made.  It  was  originally  intended  to  cotmt 
the  yield  from  four  trees,  but  this  was  found  to  be  impracticable  because  of 
the  amount  of  time  and  labor  involved.  The  orchard  seemed  to  be  very 
uniform  except  for  missing  trees  and  a  few  odd  varieties.  In  order  to 
eliminate  the  personal  equation,  selection  of  count  trees  was  made  in  June 
from  a  chart  of  the  orchard.  When  a  tree  thus  selected  proved  to  be  a 
poor  and  obviously  unfair  one  or  an  odd  variety,  it  was  provided  that  the 
next  tree  beyond  in  the  same  row  should  be  the  count  tree. 

The  block  included  an  area  of  more  than  eight  acres,  with  space  for  two 
htmdred  and  forty  trees  set  about  forty  feet  apart  each  way.  The  land  is 
nearly  level,  there  being  scarcely  enough  slope  for  drainage.  This  block  is 
cultivated  every  other  year.  This  year  a  sparse  cover  crop  of  clover  was 
allowed  to  grow,  but  this  was  kept  cropped  close  by  sheep  which  were 
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allowed  to  run  in  the  orchard.  The  trees  are  old,  some  of  them  are  very 
large,  and  some  need  pruning  badly.  The  orchard  furnished  an  excellent 
opportunity  for  a  test. 

Methods  and  materials  used 
The  solution  used  in  the  experiment  in  this  orchard  was  applied  with  a 
power  spraying  outfit,  carrying  a  pressure  of  150  to  175  pounds,  with  two 


Fig.  17. — Spraying  outfit  used  in  the  Glidden  orchard.     Only  one 
line  of  hose  can  he  used  profitably,  due  to  the  shape  of  the  trees 

men  and  a  team  for  its  operation  (Fig.  1 7) .  One  line  of  hose  was  used  and 
all  the  spraying  was  done  from  a  tower.  Considering  the  shape  of  the  trees 
as  shown  in  Figs.  18  and  19,  this  was  a  satisfactory  method.  It  is  the  regu- 
lar method  employed  by  Mr.  Glidden  in  forty  acres  or  more  of  such  trees. 
The  dust  mixtures  were  applied  with  a  large  Ideal  power  outfit  (Fig. 
20),  operated  by  a  2|-horsepower  horizontal  New  Way  gasoline  engine. 
An  engine  of  this  horsepower  furnished  abundance  of  power,  whereas  a  ij- 
horsepower  engine  used  by  Blodgett  did  not  seem  to  be  large  enough. 
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A  dormant  treatment  of  scale-strength  lime-sulfur  solution  was  applied 
to  the  entire  block  at  a  time  when  the  first  leaves  were  half  grown.  Three 
summer  applications  were  made,  the  first  at  a  time  when  the  blossom  buds 
stiU  adhered  in  a  cluster  except  in  the  tops  of  the  trees.  This  was  too  early 
for  pedicel  protection  from  the  scab  fungus,  but  the  various  leaf-eating 
insects  were  abundant,  and  it  was  recalled  that  in  1913  the  trees  came  into 
blossom  in  a  very  few  days  after  the  blossom  buds  reached  the  "duster** 
stage.  The  second  application  was  made  when  the  blossoms  had  all  fallen, 
and  the  third  three  weeks  later.  The  first  week  in  August  one  of  the  writers 
(R),  in  company  with  Mr.  Glidden,  examined  the  experimental  block 
carefully  and  decided  that  there  was  no  object  in  making  a  late  appUcation. 


Fig.  18. -^Dusting  in  the  Glidden  orchard.     The  photograph  shows  the  large  size  of  the 
trees  and  the  height  to  which  the  dust  may  be  driven 

The  fruit  seemed  to  be  unusually  sound.     How  disastrously  this  resulted 
maybe  seen  from  a  later  table  (Table  4). 

In  Table  i  are  shown  the  dates,  amounts  of  spray  material  used,  and 
other  data  for  the  different  applications.  The  cost  figures  are  calculated 
on  the  basis  of  horse  labor  at  10  cents  per  hour,  man  labor  at  20  cents  per 
hour,  lime-sulfur  solution  at  12  cents  per  gallon,  dry  arsenate  of  lead  at  18 
cents  per  pound,  sulfur  at  $2.10  per  hundred,  ground  gypsimi  at  $8  per  ton, 
and  hydrated  lime  at  $8  per  ton.  Obviously  the  figures  are  more  or  less 
arbitrary.*  The  cost  of  deterioration  of  the  outfits  is  not  taken  into  ac- 
count, and  the  time  lost  in  n:iaking  adjustments  of  various  sorts  is  not  in- 
cluded in  the  record. 

*  Professor  G.  P.  Warren,  of  the  Department  of  Farm  Management  of  this  College,  states  that  the  cost  of 
man  labor  here  given  is  hifi^er  than  the  average  and  that  of  horse  labor  lower.  Some  of  the  prices  of 
materials  are  based  on  luge  quantities  and  do  not  include  freight  charges.  Since  the  fi^pres  are  com- 
parable in  all  cases,  they  are  left  in  this  form  in  order  that  they  may  be  compared  directly  with  the  figures 
prciented  by  Blodgett. 

35 
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The  relative  cost  per  tree,  also,  is  subject  to  considerable  flucttiatioh. 
The  dusting  operations  were  not  of  sufficient  duration  to  allow  the  operator 
to  gauge  accurately  the  quantity  of  material  used  per  tree,  as  might  be  done 
in  commercial  work  after  a  continuous  run  of  half  a  day  or  even  less.  The 
time  reqtiired  per  tree  in  spraying  the  experimental  plat  was  greater  than 
that  required  for  treating  trees  of  similar  size  and  variety  in  the  same  or- 
chard. On  June  24  Mr.  Glidden  covered  the  same  number  of  trees,  of  the 
same  size,  in  one  hour  and  fifty  minutes.     Since  the  same  equipment  was 


Fig.  19. — Duster  in  operation  in  the  Glidden  orchard.      The  dust  can 
be  driven  through  trees  with  very  dense  foliage 

used,  it  is  obvious  that  less  material  was  used ;  and,  other  things  being  equal, 
the  work  must  have  been  less  effective,  for  no  material  was  wasted,  by 
dripping  or  otherwise,  while  the  trees  in  the  experimental  plat  were  being 
treated.  No  allowance  is  made  for  time  required  in  driving  to  and  from 
the  orchard,  nor  for  filling  the  tank  and  mixing  chemicals.  For  the  entire 
orchard  these  operations  may  be  estimated  at  thirty  minutes  for  each  tank- 
ful  of  mixture  (200  gallons).  Approximately  this  amount  of  time  was  re- 
quired for  the  experiment,  as  the  plats  were  somewhat  less  than  halfway 
from  the  filling  station  to  the  most  distant  point  in  the  orchard.  It  should 
be  noted  that,  in  dusting,  enough  material  for  a  half  day's  work  may  be 
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carried  easily  with  the  outfit.    The  cost  per  tree  of  spraying,  therefore, 
should  be  materially  increased  over  the  figures  given  in  the  table. 

All  appUcations  were  made  from  both  sides  of  the  trees.  The  wind  did 
not  prove  a  hindrance  except  when  it  came  in  gusts,  and  no  attempt  was 
made  to  apply  the  dust  to  the  trees  while  they  were  wet  with  dew.  The 
first  application  of  dust  was  made  during  gentle  rain,  and  the  application  on 
plat  2  (sulfur-lead-lime  mixture)  was  followed  by  a  heavy  shower  of  several 
minutes  duration.    The  sprayed  plat  (plat  4)  did  not  receive  the  first 

treatment  until  the 
day  following  the  ap- 
plication of  dust,  as 
the  gentle  rain  con- 
tinued into  the  night. 
Ordinarily  this  would 
have  vitiated  the  ex- 
periment, but  it  is 
doubtful  whether  it 
did  so  in  this  case. 
Infection  of  the  scab 
fungus  occurred  at 
this  date  only  from 
fallen  leaves.  A 
ntimber  of  spores 
were  ejected  during 
this  rain  period,  but 
as  there  had  been 
rain  on  the  two  pre- 
vious days  it  is  prob* 
able  that  all  the 
mature  spores  had  been  ejected  at  least  twenty-foiu:  hours  prior  to  the 
time  of  making  any  of  the  applications,  and  the  low  temperature  at  the 
time  doubtless  retarded  maturation  of  other  spores. 

It  may  be  seen  from  the  table  that  the  cost  of  applying  the  dust  mixtures 
is  much  less  than  for  applying  liquid,  but  that  the  dry  materials  are  much 
more  expensive.  The  cost  of  application  of  dust  could  doubtless  be  re- 
duced somewhat  below  the  figures  given  here.  Later  applications  require 
a  little  more  time  than  the  first  one,  but  in  making  the  third  application  the 
duster  was  stopped  down  to  half  capacity  because  of  a  slowly  moving  team. 
The  second  application  required  more  time  because  there  was  sufficient 
wind  to  make  it  uncertain  that  the  cloud  of  dust  directed  at  a  certain  part 
of  the  tree  would  actually  reach  it  (Fig.  21).  The  machine,  therefore,  was 
moved  at  a  rate  which  made  it  possible  to  redirect  the  flow  toward  that 
part  of  the  tree  if  necessary. 
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Fig.  20. — Driving  the  dust  to  the  top  of  a  very  large  old  Baldwin 
tree  in  the  Glidden  orchard 
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It  also  appears  from  the  table  that  the  diluted  dust  mixtures  were  applied 
at  approximately  the  same  total  cost  per  tree  as  was  the  solution.  In 
reality  the  actual  cost  is  lower,  because  of  the  fact  that  enough  dry  material 
may  be  carried  along  for  a  run  of  half  a  day,  whereas  in  spraying  much  time 
is  consumed  in  driving  to  and  from  the  orchard  and  in  filling  the  tank. 

The  relative  quantities  of  the  essential  fungicidal  and  insecticidal  in- 
gredients applied  per  tree  is  of  interest.  According  to  Van  Slyke,  Bo^worth, 
and  Hedges  (New  York  [Geneva]  Agricultural  Experiment  Station,  Bulletin 
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Fig.  21. — Making  an  attempt  to  cover  a  branch  missed  the  first  time. 
The  supply  of  material  carried  in  bags  should  be  noted  also 

329,  Table  xi),  a  lime-sulfur  concentrate  testing  32°  Beaum^  contains  2.35 
pounds  of  sulfur.  Assimiing  that  all  the  sulfur  is  liberated  (which  it  is  not) , 
the  sprayed  trees  in  this  orchard  received  at  each  application,  on  an  average, 
8.62  ounces  of  sulfur  and  4.09  ounces  of  lead  arsenate;  trees  in  the  plat 
dusted  with  80-per-cent  sulfur  mixture  received  on  an  average  44.8  ounces 
of  sulfur  and  11.2  oimces  of  lead  arsenate;  those  dusted  with  the  mixture 
containing  gypsum  as  a  diluent  received  21.3  ounces  of  sulfur  and  5.33 
ounces  of  lead  arsenate;  and  those  dusted  with  the  mixture  containing  lime 
as  a  diluent  received  20.16  ounces  of  sulfur  and  5.04  ounces  of  lead  arsenate. 
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TABLE  2.    Transcript  of  Records  Taken  at  the  Rochester  Station  of  thf 
Weather  Bureau  of  the  United  States  Department  of  Agriculture 


Date 


Precipitation 
(inches) 


Weather  conditions 


May 
May 
May 
May 
May 
May 
May  10 
May  1 1 . 
May  12. 
May  13. 
May  22 . 
May  23 . 
May  24 . 
May  25. 
May  26 . 
May  27 . 
May  29 . 
May  30. 
'une    I . 

une   3. 

une   4. 

une    7 . 

une  8 . 
June  13. 
June  15. 
June  16. 
June  18. 
June  19. 
June  21. 
]  une  22 . 
]  une  23 . 
,  une  24. 
June  26 . 

une  27 

une  28. 

une  29 . 

une  30. 

July  2 . 
July  5- 
,  ^  V  7  • 
July  II. 
July  12. 
July  13. 
Juy  14. 
July  16. 
July  17. 
July  18. 
July  21. 
July  23. 
July  24. 
July  25. 
July  27. 


.02 
.66 

T* 
.02 

T 

T 

T 
.68 
.14 
.05 

o 

o 
.01 

T 
.16 

T 
•05 

T 
•03 
.13 
.28 

o 

o 

T 
.02 

.25 
.64 
.08 
.04 

■? 

T 
.05 
.08 
.02 
.06 
.01 

T 

T 

T 

o 

T 
.01 

T 
.06 

T 

o 

.08 
.69 
.02 

T 


Partly  cloudy 

Cloudy 

Cloudy 

Clear 

Partly  cloudy 

Cloudy 

Cloudy 

Cloudy 

Cloudy 

Cloudy 

Partly  cloudy 

Cloudy 

Partly  cloudy 

Partly  cloudy 

Partly  cloudy 

Partly  cloudy 

Clear 

Clear 

Clear 

Cloudy 

Cloudy 

Cloudy 

Partly  cloudy 

Partly  cloudy 

Partly  cloudy 

Clear 

Partly  cloudy 

Cloudy 

Cloudy 

Cloudy 

Partly  cloudy 

Partly  cloudy 

Clear 

Cloudy 

Cloudy 

Cloudy 

Clear 

Cloudy 

Cloudy 

Clear 

Cloudy 

Partly  cloudy 

Partly  cloudy 

Cloudy 

Cloudy 

Partly  cloudy 

Cloudy 

Partly  cloudy 

Clear 

Cloudy 

Partly  cloudy 

Clear 

Cloudy 


*  Trace:  an  amount  less  than  .ox  inch,  too  small  to  be  measured. 
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TABLE  2   {continued) 


Date 


Weather  conditions 


July  28... 
July  29... 

July  31.. 
August  I 
August  2 
August  7 
August  10 
August  II 
August  12 
August  14 
August  16 
August  17 
August  18 
August  19 
August  20 
August  21 
August  23 
August  24 
August  27 
August  28 
August  29 
August  30 
August  31 


Partly  cloudy 
Clear 

Partly  cloudy 
Partly  cloudy 
Partly  cloudy 
Partly  cloudy 
Cloudy 
Cloudy 
Partly  cloudy 
Partly  cloudy 
Partly  cloudy 
Partly  cloudy 
Cloudy 
Cloudy 
Cloudy 
Partly  cloudy 
Cloudy 
Cloudy 
Partly  cloudy 
Cloudy 
Cloudy 
Partly  cloudy 
Partly  cloudy 


Diseases  of  the  season 
The  only  disease  of  any  importance  occurring  in  the  orchard,  amenable  to 
the  treatments  given,  was  the  scab  disease  (caused  by  Venturia  inaequalis). 
Sooty  blotch  (caused  by  Leptothyrium  pomi)  was  present  to  a  limited  extent 
in  the  untreated  plat  and  on  treated  trees  having  very  dense  foliage. 

Scab  infection  periods 
It  is  a  well-known  fact  that  infections  by  the  scab  fungus  are  dependent 
on  periods  of  rainfall,  particularly  when  those  periods  are  followed  by  foggy 
weather.  Therefore  a  meteorological  record  of  the  season,  properly  inter- 
preted, gives  a  general  idea  of  the  infection  periods  and  their  possible  extent 
(Table  2).  The  season  of  19 14  was  different  from  the  preceding  ones  for  a 
number  of  years,  the  first  infection  period  (May  11,  12,  and  13)  coming 
before  it  was  possible  to  make  a  first  application  to  prevent  pedicel  infec- 
tion. Considering  that  only  the  leaves  of  the  blossom  cluster  had  unfolded 
and  that  all  infection  was  from  the  fallen  leaves,  the  infection  was  unusu- 
ally heavy.  There  ensued  a  dry  period  continuing  through  the  blossoming 
period  and  extending  through  a  sufficient  time  to  allow  making  the  calyx 
application  on  June  i.    The  dry  period  rendered  useless  the  fungicide 


Digitized  by  VjOOQ IC 


SS2 


Bulletin  354 


applied  the  first  time.  At  the  date  of  the  second  application  (June  1)  the 
early  infection  showed  abundantly  on  the  under  sides  of  the  early  leaves. 
These,  of  course,  were  largely  leaves  about  the  blossom  cluster.  No  in- 
fections could  be  found  on  the  pedicels  of  the  young  fruits,  and  none  ap- 
peared subsequently.  At  the  time  when  the  second  appUcation  was  made, 
all  the  petals  had  dropped  from  the  trees  and  the  yoimg  apples  were  com- 
pletely covered  with  a  dense  ntiat  of  fine  hairs.  This  application  afforded 
protection  against  infections  occurring  on  Jime  3  and  4  and  on  Jtme  7. 
These  infections  were  much  heavier  than  the  first  one,  as  spores  (conidia) 


1 

1 

m  ^^^" 

Fig.  22. — Dusting  in  the  Glidden  orchard.     The  picture  shows  well  the 
method  of  applying  the  dust  by  long  vertical  sweeps  of  the  outlet  tube 

were  abundant  on  the  infected  leaves  and  spores  (ascospores)  were  also 
shot  from  the  fallen  leaves  in  great  abundance. 

The  third  application  was  made  on  June  18.  This  application  was  most 
opportune,  since  it  forestalled  the  largest  infection  of  early  summer. 

The  month  of  July  was  unusually  dry  (Table  2),  and  no  further  infection 
occurred  in  this  orchard.  As  the  amount  of  scab  on  the  fruit  seemed  to  be 
exceedingly  slight  and  as  there  was  no  e\'idence  of  codling  moth,  the  fourth 
application  was  omitted.  August,  however,  proved  to  be  a  rainy  month, 
and  an  unusually  heavy  late  infection  of  scab  occurred  throughout  the  en- 
tire orchard. 
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Insects  of  the  season 

On  May  12-13  I^r-  R-  Matheson  visited  the  orchard  and  found  that  the 
bud  moth  was  fairly  abundant,  2  5  to  30  per  cent  of  the  buds  on  the  branches 
near  the  groimd  being  infested.  The  cigar  case-bearer  was  also  abundant, 
aU  the  lower  leaves  being  somewhat  injured.  On  June  i  the  orchard  was 
again  visited,  by  one  of  the  writers  (C).  The  apple  leaf-roller  was  fairly 
abundant  and  the  caterpillars  were  beginning  to  eat  the  stamens  and  the 
calyx  lobes  of  the  recently  set  apples.  Only  one  fruit  was  seen  that  showed 
the  characteristic  feeding  of  the  leaf  roller  at  the  side.  A  few  green-fruit- 
worm  caterpillars  were  observed  at  this  time.  Neither  the  first  nor  the 
second  brood  of  codling  moth  was  abundant,  as  is  shown  by  the  count  of 
apples  from  the  untreated  plat. 

The  injury  designated  in  Table  4  as  "pinholes**  should  probably  be  at- 
tributed to  several  causes.  These  pinholes  are  slight  blemishes,  usually  less 
than  I  inch  in  diameter,  with  a  small  hole  at  the  center  often  partly  filled 
with  a  whitish  substance.  The  flesh  of  the  fruit  beneath  the  blemish  has 
dried  out  and  turned  brownish  to  a  depth  of  about  J  inch.  Some  of  these 
spots  may  have  been  caused  by  codling-moth  caterpillars  that  died  after 
eating  through  the  skin  of  the  fruit,  but  the  greater  number  were  produced 
in  some  other  way.  It  should  be  noted  that  in  the  Glidden  orchard,  where 
the  apples  are  Baldwins,  about  18  per  cent  of  the  fruits  in  the  untreated  plat 
were  affected  with  pinholes,  while  at  North  Rose  and  at  Owego  the  Ben 
Davis  apples  were  not  injured  in  this  way. 

Results  of  experiments 

Apples  that  failed  to  set  were  caught  in  cheesecloth  hammocks  sus- 
pended under  the  count  trees.  None  of  these  apples  showed  pedicel 
infection.  An  examination  was  made  of  the  orchard  on  June  25.  The 
infection  of  June  19  was  not  yet  apparent.  In  order  to  confirm  an  im- 
pression that  the  infection  from  fallen  leaves  is  greatest  on  the  lower 
branches,  as  would  be  expected  from  the  purely  physical  aspects  of  the 
case,  a  number  of  branches  in  the  untreated  plat  were  selected  at  random 
from  the  lower  limbs  and  from  limbs  high  in  the  tree.  One  thousand 
leaves  were  stripped  from  each  lot  of  branches  and  the  number  of  infected 
ones  was  determined.  Of  the  lower  leaves  39  per  cent  were  infected, 
and  of  the  upper  leaves  30  per  cent.  No  account  is  taken  of  the  number 
of  infections  per  leaf,  and  it  should  also  be  borne  in  mind  that  some  of 
the  infections  were  secondary.  To  be  of  most  value,  the  count  should 
have  been  made  ten  days  earlier. 

On  July  10  aU  the  drops  from  one  of  the  count  trees,  and  equal  quantities 
from  the  other  three,  in  each  plat,  were  examined  and  graded  into  four 
classes :  sound ;  scabby ;  attacked  by  leaf  roller  or  green  fruit-worm ;  attacked 
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by  codling  moth.    The  accompanying  table  (Table  3)  shows  the  per- 
centage of  fruit  for  each  dass. 

The  table  shows  the  expected  reduction  in  amount  of  apple  scab  in 
the  treated  plats.  It  also  indicates  that  the  poisons  were  not  effective 
against  certain  of  the  leaf-eating  insects.  It  is  chiefly  valtiable,  however, 
in  showing  the  practical  freedom  of  the  entire  orchard  from  codling  moth. 
The  apples  were  picked  and  graded  October  13  to  21.  On  October  11 
a  heavy  wind  caused  a  number  of  apples  to  fall.  As  it  was  thought  these 
apples  might  show  excessive  injuries,  they  were  graded  separately.  No 
such  condition  was  found  to  exist,  however,  and  these  windfalls  were 
counted  in  with  the  picked  apples. 

TABLE  3.    Classification  of  Drop  Apples  on  July  10,  1914,  Gliddkn  Orchard 


Treatment 

Total 
num- 
berof 
apples 

Sound 

Leaf  roller  and 
green  fruit- 
worm 

Codling  moth 

Num- 
ber 

Per- 
cent- 
age 

Num- 
ber 

Per- 
cent- 
age 

Num- 
ber 

Per- 
cent- 
age 

Num- 
ber 

Per- 
cent- 
age 

Untreated 

488 

337 

69.06 

95 

19.47 

69 

14.14 

X 

.02 

Lime-sulfur  solution  (32**)  2.5  gal- 
lons,  lead  arsenate   3   pounds, 
water  to  make  100  gallons 

661 

545 

82.45 

10 

1. 51 

106 

16.04 

0 

0 

Sulfur  80,  lead  arsenate  20 

387 

307 

79.33 

18 

4.65 

62 

16.02 

0 

0 

Sulfur  40,  lead  arsenate  10,  gyp- 
sum 50 

2,071 

1.828 

88.27 

30 

1.45 

211 

10.19 

2 

to 

Sulfur  Ao,  lead  arsenate    10,  hy- 
dratea  lime  so 

S07 

403 

79.49 

36 

7.10 

78 

15.38 

0 

0 

After  two  trees  had  been  graded  (Fig.  23),  it  became  apparent  that 
it  would  be  physically  impossible  to  count  the  apples  from  twenty  trees. 
It  was  therefore  decided  to  grade  the  fruit  from  only  three  trees  in  each 
plat,  instead  of  from  four  as  originally  planned.  The  elimination  of  one 
coimt  tree  from  each  plat  was  left  largely  to  chance.  It  depended 
chiefly  on  whether  the  tree  had  been  picked  or  not,  and  in  part  on 
nearness  to  the  last  tree  counted. 

In  making  the  tabulation  the  apples  were  first  divided  into  sound 
and  unsound.  The  tmsoimd  apples  were  further  classified,  each  individual 
apple  faUing  under  one  to  six  headings,  depending  on  whether  or  not 
it  was  affected  with  scab  from  early  infection  or  with  scab  from  late  in- 
fection; whether  leaf  roller  and  green  fruit-worm  had  attacked  it;  whether 
or  not  codling  moth  and  bud  moth  had  attacked  it  in  August;  and  whether 
the  apples  showed  lesions  which  for  want  of  a  better  name  were  desig- 
nated as  "  pinholes." 
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No  difficulty  was  experienced  in  separating  the  early-scab-infected 
apples  from  those  affected  late  in  the  season.  This  separation  is  impor- 
tant, since  the  treatments  given  could  not  be  expected  to  control  the  late 
infection.  It  should  be  noted,  however,  that  late  infection  is  very  much 
greater  on  the  untreated  plat  than  on  any  of  the  others.  This  is  attribut- 
able directly  to  better  control  of  early  scab.  It  was  noted  that  in  the 
treated  plats  apples  bearing  early  scab  spots  were  almost  sure  to  show 
late  infection  also.  The  record  of  late  infection  is  of  considerable  impor- 
tance in  the  light  of  the  new  packing  law.  Technically  a  very  large  per- 
centage (15  per  cent  or  more)  of  these  apples  could  not  be  sold  in  closed 
packages  tmless  la- 
beled, in  thirty-six 
point  Gothic  letters, 
either  "  Pimgused  **  or 
"Scabby."^  Some  of 
the  scab  spots  were 
very  small,  and  often 
there  was  only  a  single 
spot  on  an  apple. 
There  is  some  ques- 
tion as  to  whether 
such  spots  should  ex- 
clude an  apple  from 
standard  A  or  B  grade, 
particularly  in  view 
of  the  fact  that  tmder 
modem  cold  storage 
no  further  damage 
should  result.  The 
words  "  practically 
free "  as  written  in 
the   law   would    cer- 


FiG.  23. —  The  number  of  apples  per  tree  made  it  imprac- 
ticable to  classify  the  fruit  from  more  than  three  trees  in 
ea^h  plat 


tainly  allow  some  of  the  apples  graded  as  scabby  to  pass,  but  just  where 
the  Une  should  be  drawn  seems  to  be  an  open  question.  As  the  apples 
from  this  orchard  were  sold  "  tree  run,"  it  was  not  necessary  for  the 
writers  to  settle  this  point. 

A  suitable  method  of  recording  the  number  of  infections  per  apple  is 
highly  desirable,  but  there  seems  to  be  no  practicable  way  of  doing  this 
when  handling  such  large  quantities  of  fruit.  The  result  is  that  in  the 
tabulation  (Table  4)  an  apple  wholly  worthless  from  scab  counts  just 
the  same  as  one  bearing  a  small  spot  scarcely  visible  except  when  the 
light  strikes  from  the  proper  angle. 

*  New  York  State  Apple  Grading  Law.     Chapter  41S  of  the  Laws  of  1914. 
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The  relative  value  of  the  various  materials  used  may  be  seen  from 
Table  4.  Percentages  have  been  determined,  and  the  mean  of  these 
percentages  with  the  probable  error*  of  the  mean.  This  seems  to  be  the 
method  most  frequently  employed  by  biologists  in  statistical  work  of 
this  kind.  The  method  permits  one  to  take  into  consideration  the  numer- 
ous factors  that  can  be  neither  controlled  nor  calculated  in  such  work. 
Some  of  the  more  important  of  these  factors  may  be  enumerated  as 
follows,  in  their  apparent  order  of  importance:  individuality  of  trees, 
particularly  in  their  relative  susceptibility;  density  of  foliage  and  general 
shape  of  trees,  in  their  relation  more  especially  to  fungous  infection; 


Fig.  24. — Classifying  the  apples  as  they  came  from  the  trees.     Each  type 
of  injury  was  recorded  by  means  of  a  mechanical  device 

failure  to  make  imiform  applications  dtiring  the  course  of  the  experiment 
or  during  the  preceding  year.  The  error  due  to  these  factors  can  be 
considered  as  a  casual  one,  and  as  such  can  be  determined  by  calculating 
the  probable  error.  This  is  a  measure  of  the  reliability  of  the  experimental 
results,  and  means  that  the  odds  are  equal  that  the  true  result  lies  some- 
where within  the  data  actually  obtained  ±  the  probable  error. 

Some  persons  dealing  with  statistics  do  not  look  on  this  method  with 
favor,  and  in  order  to  see  what  variations  might  occur  the  averages 
obtained  by  using  totals  have  been  determined.  The  writers  are  not 
in  accord  as  to  the  more  suitable  method,  and  as  it  became  increasingly 
apparent  that  the  matter  could  not  be  settled  a  priori  both  sets  of  figures 
are  presented  here. 


•The  probable  error  as  worked  out  is  equal  to  ±  o 
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The  greatest  care  has  been  taken  to  have  the  figures  accurate.  The 
records  in  the  field  were  made  on  counting  machines  (Fig.  24).  In  ntiaking 
transcriptions  all  figures  have  been  checked  twice.  All  computations 
have  been  made  by  means  of  mechanical  devices  by  one  of  the  writers 
(R),  and  checked  independently  by  M.  D.  Leonard  and  again  in  the 
editorial  office  at  the  College  of  Agriculture. 

Scab  control. —  It  is  seen  from  the  table  that  all  the  materials  used 
gave  very  satisfactory  control  of  early  scab.  Particular  attention  should 
be  given  to  the  variation  of  the  individual  trees  in  any  one  plat.  In 
general,  trees  bearing  a  relatively  small  number  of  apples  had  less  scab; 
trees  on  which  the  fruit  was  very  highly  colored  seemed  to  have  less 
scab,  although  not  enough  of  this  kind  of  trees  were  encountered  to  permit 
a  generalization;  apples  from  the  north  side  of  trees  invariably  had  more 
scab.  The  greater  abtmdance  of  scab  on  the  north  side  of  trees  can 
be  accounted  for  only  by  the  fact  that  the  very  dense  foliage  allowed 
moisture  to  persist  there  longer  after  each  shower,  and  thtis  allowed  more 
infections  to  occur. 

Blodgett*  found  that  the  use  of  lime  as  a  diluent  for  sulfur  in  the  control 
of  hop  mildew  reduced  the  fungicidal  value  of  the  sulfur.  It  does  not 
necessarily  follow,  however,  that  the  same  result  would  be  obtained  in 
the  case  of  an  organism  the  method  of  infection  of  which  is  different. 
It  seemed  possible,  therefore,  that  the  hydrated  lime,  which  hardened 
on  the  foliage  and  adhered  well,  might  not  prove  harmful  in  the  control 
of  apple  scab.  The  heavy  shower  coming  on  this  plat  shortly  after  the 
first  application  vitiates  the  figures  to  a  certain  extent.  This  point  will  be 
discussed  more  fully  in  the  general  summary.     • 

Insect  control, — Codling  moth  injury  was  so  slight,  even  in  the  untreated 
plat,  that  the  figures  given  in  the  table  have  little  significance.  The  data 
in  regard  to  the  control  of  August  injury  by  bud-moth  caterpillars  are 
also  of  little  value,  because  in  order  to  be  effective  the  appHcation  of  the 
poison  should  have  been  made  in  the  last  week  of  July  or  early  in  August, 
soon  after  the  hatching  of  the  eggs. 

It  may  be  seen  from  the  table  that  the  pinhole  injury,  whatever  its 
cause,  was  reduced  from  18.16  per  cent  in  the  imtreated  plat  to  less  than 
1 1  per  cent  by  the  various  treatments  given.  In  considering  the  control 
of  leaf  roller,  it  should  be  remembered  that  in  these  experiments  the 
applications  were  made  much  too  late  to  be  fully  effective. 

Sound  and  unsound  fruit. —  From  the  figures  in  Table  4  it  may  be  seen 
that  in  total  percentage  of  sound  and  tmsoimd  fruit  there  is  no  dependable 
difference  between  the  various  mixtures  used  except  in  the  case  when 
lime  was  used  as  a  diluent.    Whether  this  is  due  to  the  tmfavorable 


•  Blodgett.  F.  M.     Hop  mildew.     Cornell  Univ.  Agr.  Exp.  Su.      BuL  328  :  298.     1913. 
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action  of  lime  in  the  mixture,  or  to  the  heavy  shower  that  came  shortly 
after  the  first  application  was  made,  is  uncertain.  The  other  two  dust 
mixtures  seem  to  have  been  slightly  superior  to  the  lime-sulfur  solution 
with  lead  arsenate,  but  the  probable  error  is  so  large  as  to  make  this 
uncertain. 

So  far  as  this  orchard  is  concerned,  the  first  question  to  be  determined 
(page  542)  can  be  answered  in  the  affirmative.  The  dust  method  is 
practicable  in  large  trees.  Based  on  the  figures  jtist  presented,  the  second 
question  can  also  be  answered  affirmatively.  The  result  of  19 13  has 
been  somewhat  improved  upon,  in  that  a  higher  percentage  of  sound 
apples  has  been  secured  with  a  similarly  low  percentage  of  sound  fruit 
on  the  untreated  plat. 

experiments  in  the  catchpole  orchard  at  north  rose 

The  trees  used  for  experimental  purposes  this  year  in  the  Catchpole 
orchard  are  located  only  a  short  distance  from  those  used  last  year  by 
Doctor  Blodgett.  They  are  of  the  variety  Ben  Davis,  a  variety  particu- 
larly susceptible  to  scab.  The  trees  are  twenty  years  of  age,  are  set 
33  by  33  feet,  and  are  very  imiform  in  size  and  shape.  The  system  of 
pruning  employed  is  that  of  very  light  annual  pruning.  The  trees  are  very 
dense  and  the  lower  branches  reach  to  the  ground  (Fig.  25).  Repeated 
and  thorough  spraying  is  practiced  annually.  The  soil  is  a  sandy  loam 
and  the  ground  is  practically  level.  The  orchard  is  fertilized,  cover- 
cropped,  and  thoroughly  cultivated  between  the  rows  each  year.  The 
system  of  pruning  prevents  cultivation  directly  tmder  the  trees.  Fallen 
leaves  of  the  previous  year  persist  under  the  trees,  and  when  scabby 
they  form  a  hotbed  of  infection.    This  was  the  case  in  1914. 

It  will  be  seen  from  the  plan  of  the  experiment  (Fig.  26)  that  the 
plats  are  bordered  on  three  sides  by  trees  of  the  same  size  and  age.  The 
count  trees  here  (indicated  by  bold-faced  type),  as  elsewhere,  were  pre- 
determined from  a  chart  of  the  orchard. 

Methods  and  materials  used 

The  solution  used  on  the  sprayed  plat  was  applied  with  a  large  power 
sprayer,  with  a  pressure  of  150  pounds  of  more  and  with  three  men  and 
a  team  for  its  operation  (Fig.  25).  The  dusting  machine  was  like  the 
one  used  in-  the  Glidden  orchard.  It  was  driven  by  a  2|-horsepower 
horizontal  New  Way  engine,  which  furnished  ample  power  and  was  a 
great  improvement  over  the  equipment  of  the  previous  year. 

Particular  mention  should  be  made  of  the  thorough  manner  in  which 
the  trees  were  sprayed.     It  will  be  seen  from  Table  5  that  more  than 
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five  gallons  of  spray  was  applied  per  tree  at  each  application.  This  was 
accomplished  by  driving  completely  around  each  tree,  thus  covering  all 
parts  thoroughly. 

All  appUcations  of  the  dust  mixtures  were  made  from  both  sides  of 
the  trees.  The  first  application  was  made  on  a  calm  day  and  the  work 
was  done  very  quickly.    At  the  time  of  the  second  application  there  was 


> 

_ — 
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m 

•.''  '^^^^^^^^^^H 

Fig.   25. — Spraying  in  the  Catchpole  orchard.      The  photograph 
shows  well  the  size  and  shape  of  the  trees  in  this  orchard 

a  high  wind,  which  came  in  sharp  gusts  and  made  impossible  a  thorough 
application  of  dust.  There  was  also  more  wind  at  the  time  of  the  third 
and  fourth  appUcations  than  is  desirable  for  dusting.  A  dormant  treat- 
ment of  scalecide  was  applied  to  the  entire  block.  Four  simimer  appli- 
cations were  made.  At  the  time  of  the  first  application  (May  15)  the 
clusters  of  buds  were  beginning  to  separate  and  show  pink,  but  many 
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were  not  far  enough  along  to  permit  driving  the  fungicide  to  the  pedicels 
of  the  innermost  blossoms.  The  second  application  was  made  on  May  30, 
at  a  time  when  all  the  petals  had  fallen.  The  third  application  was  made 
on  Jime  19  aad  was  gauged  rather  for  codling  moth  than  for  scab.  The 
fourth  application  was  made  on  August  7,  largely  to  forestall  a  possible 
late  infection  of  scab.  Each  time  the  treatment  of  the  various  plats 
was  made  in  the  forenoon  of  the  same  day. 
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Fig.  26. —  Chart  showing  plan  of  experiment  performed  in  the  Catchpole  orchard,  North 
Rose,  New  York,  The  Ben  Dams  trees  {D)  enclosed  in  the  hUuk  lines  represent  ^ 
various  plats,  and  the  trees  indicated  by  bold-faced  type  are  the  trees  from  which  the 
apples  were  counted.  The  exponents  refer  to  the  order  in  which  the  data  are  presented 
in  the  tables.    D,  Ben  Davis;  G,  Greening 

By  mistake  the  trees  in  plat  i  (dtisted  with  sulfur,  lead  arsenate, 
and  hydrated  lime)  received  aa  application  of  bordeatix  mixture, 
from  one  side  only,  on  May  14,  the  day  previous  to  the  first  appli- 
cation of  the  dust  mixture.  As  this  was  applied  too  late  to  prevent 
the  primary  infection,  and  as  no  other  infections  occurred  until  after 
the  blossoms  were  off,  presumably  it  did  not  interfere  in  any  way  with 
the  experiment. 

Details  of  the  dates  of  application,  materials  used,  time  required, 
cost  data,  and  so  forth,  are  shown  in  Table  5.  The  cost  figures  are 
calculated  on  the  same  basis  as  in  the  GUdden  orchard.  The  cost  of 
deterioration  of  outfits,  interest  on  investment,  aad  so  forth,  are  not 
considered,  and  the  time  lost  in  making  adjustments  is  not  included  in 
the  records. 
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Owing  to  the  very  efficient  methods  of  spraying  employed  in  this  orchard 
(Figs.  25  and  27),  the  time  required  for  covering  a  tree  thoroughly  is  not  so 
long  as  in  most  orchards.  The  result  is  that  the  cost  per  tree  for  spraying 
appears  to  be  less  than  for  dusting.  When  the  time  required  for  driving 
to  and  from  the  orchard  and  for  filling  the  tank  is  cotmted  in,  it  is  probable 
that  the  total  cost  per  tree  for  spraying  would  about  equal  the  total  cost  per 
tree  for  dusting  with  the  diluted  mixture.  No  accurate  data  are  available 
on  the  time  element  involved,  and  the  three  records  made  under  the  con- 
ditions of  the  experiment  are  of  little  value  in  determining  the  average. 
Through  an  oversight  records  were  not  kept  at  the  time  of  the  fourth 
appUcation.  To  determine  the 
total  cost  per  tree  for  the 
season,  approximately  one 
third  more  should  be  added 
to  the  cost  indicated  in  the 
table. 

The  average  relative  quan- 
tities of  essential  fungicidal 
and  insecticidal  ingredients 
applied  per  tree  each  time  are 
as  follows:  sprayed  plat,  sulfur 
5.42  ounces,  lead  arsenate 
2.57  ounces;  plat  dusted  with 
80-per-cent  sulfur  mixture, 
sulfur  34.30  oimces,  lead  arse- 
nate 8.58  otmces;  plat  dusted 
with  mixture  containing 
gypsum  as  a  diluent,  sulfiir 
15.36  ounces,  lead  arsenate 
3.84  ounces;  plat  dusted  with 
mixture  containing  lime  as  a 


Fig.  27. — Filling  station  in  the  Catchpole  orchard. 
The  convenient  arrangement  of  this  filling  stati^m 
makes  it  possible  to  load  and  get  away  in 
seven  minutes.  It  Jielps  to  reduce  the  cost  of 
spraying,  hut,  what  is  more  important,  it  helps 
to  keep  the  sprayer  working  at  maximum  capacity 


diluent,  sulfur  17.41  otmces,  lead  arsenate  4.35  ounces. 

Diseases  of  the  season 
The  only  disease  occurring  in  this  orchard  amenable  to  the  treatments 
given  was  scab.  Here,  as  in  the  Glidden  orchard,  the  first  infection 
occurred  May  11,  12,  and  13.  The  fallen  leaves  of  the  previous  year 
formed  a  dense  mat  imder  the  trees  and  bore  abundant  fruiting  bodies 
of  the  scab  fungus,  some  of  which  likewise  were  mature  earlier  than  usual. 

Scab  infection  periods 
At  the  time  of  the  second  application  in  this  orchard,  May  30,  the 
infections  of  May  11,  12,  and  13  were  showing  abimdantly  on  the  under 
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sides  of  the  leaves  about  the  blossom  cluster.  There  was  rain  during 
the  night  of  May  28  and  a  light  shower  at  six  o'clock  on  the  morning 
of  May  30.  As  these  rains  were  followed  by  high  wind  and  clearing 
weather,  the  amount  of  infection  occurring  was  not  very  great.  It  was 
sufficient,  however,  to  furnish  an  abimdant  supply  of  fresh  spores  for  the 
most  important  infection  .period  of  the  season.  By  reference  to  the 
Rochester  weather  record  (Table  2)  it  may  be  seen  that  infection  weather 
occurred  on  June  3  and  4,  and  on  June  7.  The  rain  recorded  for  Rochester 
on  Jtme  18  did  not  occur  at  North  Rose.  The  third  application  was 
made  in  the  forenoon  of  June  19,  and  at  three  o'clock  in  the  afternoon 
of  the  same  day  rain  set  in  which  developed  into  a  drenching  torrent. 
The  solution  applied  had  had  time  to  partially  set  on  the  trees,  but  it  is 
quite  probable  that  the  dust  mixtures  were  washed  off  as  there  had  been 
no  opportunity  for  dew  or  any  other  agency  to  assist  in  bringing  about 
better  adherence. 

It  seems  likely  that  much  infection  took  place  during  the  night  of  Jtme 
19,  and  that  much  more  occurred  on  June  21,  22,  23,  and  24  —  a  most 
excellent  period  for  infection,  with  just  enough  rain  to  keep  the  foliage 
wet  and  enough  cloudiness  to  prevent  too  rapid  drying-out  of  the  drops. 
There  was  little  additional  infection  weather  during  the  summer,  until 
the  mid-August  period.    At  that  time  abundant  late  infection  occurred. 

Insects  of  the  season 
.  The  Catchpole  orchard  was  singularly  free  from  injurious  insects  sub- 
ject to  control  by  the  treatments.  Only  a  small  nimiber  of  leaf-roller 
and  green-fruit-worm  caterpillars  were  present.  Neither  codling  moth 
nor  bud  moth  was  abundant.  The  pinhole  injury,  so  prevalent  in  the 
Glidden  orchard,  was  not  present  here. 

Results  of  experiments 

As  in  the  Glidden  orchard,  pedicel  infection  by  the  scab  fungus  did  not 
occur.  This  may  be  attributed  directly  to  the  dry  period  during  the 
latter  half  of  May.  An  examination  of  the  orchard  was  made  on  Jime  27. 
It  was  evident  that  the  infections  occurring  during  the  night  previous 
to  the  second  application  (the  night  of  May  29)  were  of  considerable 
extent.  These  spots  showed  both  on  the  older  leaves  from  leaf  buds 
and  on  the  young  fruits. 

On  July  7  additional  infections  from  Jime  19  and  June  21,  22,  23,  and 
24  were  coming  into  evidence.  The  drop  apples  were  picked  up  on  this 
date  from  under  the  count  trees,  and  were  examined  and  classified.  The 
classification  is  shown  in  Table  6: 
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TABLE  6.    Classification  of  Drop  Apples  Picked  Up  on  July  7, 19 14,  Catchpole 

Orchard 

Total 
num- 
ber of 
apples 

Sotmd 

Apple  scab 

Leaf  roller  and 
green  fruit-worm 

Treatment 

Ntmi- 
ber 

Per- 
cent- 
age 

Num- 
ber 

Per- 
cent- 
age 

Num- 
ber 

Per- 
cent- 
age 

Untreated 

230 

58 

25.22 

162 

70.43 

12 

5.22 

Lime-stilfur  solution  (32**)  2.5  gallons, 
lead  arsenate  3  pounds,  water  to 
make  100  gallons 

414 

321 

77.54 

87 

21.01 

6 

1. 45 

Sulfur  80,  lead  arsenate  30 

324 

190 

58. 64 

134 

41.36 

0 

0 

SiUfur  40,  lead  arsenate  10,  gypsum  so 

329 

96 

29.18 

238 

69.30 

12 

3.65 

Sulfur  40,  lead  arsenate  10,  hydratcd 
lime  so 

236 

140 

5932 

84 

35. 59 

12 

5. 08 

A  decided  reduction  in  scab  is  indicated  for  the  sprayed  plat,  and  the 
averages  for  the  various  plats  wiU  be  found  to  agree  fairly  closely  with 
later  classifications  from  the  same  trees. 

On  August  7  the  trees  in  the  entire  orchard  were  thinned.  The  men 
who  did  this  work  were  instructed  to  remove  imsound  fruit  whenever 
there  was  a  preference.  The  classification  (Table  7)  of  these  apples, 
therefore,  should  be  held  in  mind  in  interpreting  the  table  given  later 
for  picked  apples. 

The  relative  value  of  the  various  materials  used  may  be  seen  from 
Table  8.  The  computations  have  been  made  with  the  same  care  as 
for  the  Glidden  orchard.  In  this  orchard,  where  the  yield  per  tree  was 
four  to  six  barrels,  it  was  possible  to  classify  the  fruit  from  all  four  count 
trees.  This  increases  the  probability  that  the  figures  given  represent  a 
true  mean  for  the  various  plats.  If  one  thousand  apples  could  have 
been  taken  at  random  from  each  of  ten  trees,  the  actual  labor  would 
not  have  been  increased  and  a  more  reliable  mean  could  have  been  secured. 
Under  the  system  of  picking  employed,  however,  this  could  not  be  done 
because  of  the  difficulty  of  securing  random  samples,  and  this  in  turn 
was  due  to  the  fact  that  lower  branches  bore  more  scabby  fruit  than 
did  those  in  the  tops  of  the  trees  and  apples  on  the  north  side  of  trees 
were  more  scabby  than  those  on  the  south  side. 

Scab  control. —  The  table  shows  a  very  high  percentage  of  early  summer 
infection  on  tmtreated  trees,  which  can  be  attributed  to  the  large  amotmt 
of  infection  material  under  the  trees,  to  the  fact  that  a  severe  primary 
infection  occurred  before  a  protective  coating  cotdd  be  applied,  and  to 
the  prolonged  period  of  infection  weather  —  June  21,  22,  23,  and  24. 
The  late  infections  were  very  abimdant  also.  Almost  invariably  apples 
showing  early  infection  also  showed  the  late  attack,  and  in  addition 
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many  others  were  infected.  The  control  of  both  early  and  late  scab 
is  decidedly  better  on  the  sprayed  plat  than  on  any  of  the  dusted  ones, 
but  even  so  the  percentage  of  control  is  not  very  satisfactory.  Judging 
from  the  fact  that  certain  other  parts  of  the  Ben  Davis  orchard  were 
said  by  the  pickers  to  have  been  freer  from  scab  than  the  experimental 
plats,  it  wotdd  appear,  since  those  trees  were  sprayed  some  days  earlier 
than  the  ones  in  the  experiment,  that  the  drenching  rain  came  before 
the  material  had  set  properly.  Unfortunately  tmpicked  trees  from  such 
parts  of  the  orchard  could  not  be  foimd  for  making  a  coimt  to  verify 
the  impression  of  the  pickers. 

The  dust  mixtures  were  more  completely  removed  from  the  trees  by 
this  torrent  of  rain,  which  occurred  on  the  afternoon  of  the  day  when 
the  applications  were  made,  than  was  the  solution;  and  thus  the  trees 
were  only  partially  protected  from  the  infections  following  on  June  21 
and  continuing  for  four  days. 

Insect  control. —  The  codling  moth  was  too  scarce  in  this  orchard  to  make 
the  experiments  of  any  value  in  regard  to  its  control.  The  bud  moth 
was  not  abtmdant  in  the  spring,  and  the  count  of  the  apples  showed  that 
the  next  generation,  in  late  simimer,  was  not  nimierous.  Apparently 
enough  of  the  poison  was  effective  to  slightly  reduce  the  ntmiber  of  apples 
injured  by  bud-moth  caterpillars  in  August. 

EXPERIMENTS  IN  THE   FRIEDAH   ORCHARD   AT   OWEGO 

The  experimental  orchard  at  Owego  consisted  of  a  block  of  two  himdred 
and  eighty-six  Ben  Davis  trees,  twenty-one  years  of  age  (Fig.  28).  The 
trees  are  in  the  same  orchard  as  was  used  by  Blodgett  in  19 13  under  the 
name  of  Lawson  orchard.  The  orchard  has  not  been  cultivated  or 
pruned  in  a  ntmiber  of  years,  and  there  was  no  cultivation  this  year. 
None  of  the  trees  have  ever  been  sprayed  except  those  treated  by  Blodgett 
in  1913.  As  there  was  no  fruit  in  the  Ben  Davis  block  last  year,  and 
consequently  no  record  in  Blodgett's  bulletin,  the  fact  that  some  of  the 
trees  were  treated  last  year  was  overlooked  in  planning  the  experiment. 
Since  the  foliage  of  the  entire  block  was  well  infected  with  scab  in  1913, 
owing  to  the  omission  of  the  first  and  fourth  applications,  the  conditions 
were  fairly  uniform  except  for  a  part  of  plat  3,  plat  4  (used  as  a  check), 
and  plat  5,  which  did  not  receive  treatment  last  year.  In  these  plats 
the  amoimt  of  foliage  was  greatly  reduced  in  19 13  by  various  caterpillars, 
so  that  the  actual  amount  of  infection  material  under  these  trees  was  less 
than  imder  the  others.  Plats  3  and  4  were  so  arranged  as  to  avoid  the 
necessity  of  drawing  a  load  up  and  down  the  hill,  and  also  to  prevent 
waste  by  leakage.  Under  the  circumstances  it  would  have  been  better 
if  each  plat  had  extended  full  length  up  and  down  the  hill. 
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Methods  and  materials  used 

The  dusting  machine  was  like  that  used  in  the  other  orchards.  The 
spraying  outfit  was  the  same  as  was  used  last  year  (Pig.  30).  The  spray- 
ing was  all  done  from  the  ground,  with  lo-foot  spray  poles  (Fig.  29). 
As  Blodgett  had  considerable  difficulty  with  the  engine  in  1913,  the  New 
Way  Motor  Company  kindly  furnished  an  upright  (instead  of  horizontal) 
ij-horsepower  engine,  with  which  it  was  thought  that  some  of  th6  former 
difficulty  might  be  overcome.  There  was  much  less  trouble  from  the 
engine  stalling  than  last  year,  but  the  desired  number  of  revolutions 
per  minute  of  the  blower  could  not  be  maintained,  particularly  on  rough 
ground.  As  the  trees  were  low  and  small,  the  effectiveness  of  the  work 
was  not  materially  impaired;  but  in  high  trees  or  trees  with  a  large  spread, 
the  outfit  wotdd  have  been  inadequate.  Aside  from  this  defect  the  dust 
appHcations  in  this  orchard  were  appHed  most  satisfactorily.  If  the 
morning  was  calm,  the  dust  was  applied  at  once;  but  if  there  was  wind, 
the  dusting  was  left  until  late  in  the  day  when  the  wind  had  gone  down. 
The  latter  condition  prevailed  in  the  case  of  two  appHcations. 

The  use  of  wheat  flour  as  a  diluent  in  the  dust  mixture  was  tried  in  this 
orchard.  The  presence  of  the  flour  made  the  mixture  flow  much  more 
freely,  and  there  was  consequent  difficulty  in  gauging  the  outlet  in  order 
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Fig.  28. —  Chart  showing  plan  of  experiment  performed  in  the  Friedah  orchard,  Owego, 
New  York.  The  Ben  Davis  trees  (D)  enclosed  in  the  black  lines  represent  the  various 
fiats,  and  the  trees  indicated  by  bold-faced  type  are  the  trees  from  which  the  apples  were 
counted.  The  exponents  refer  to  the  order  in  which  the  data  are  presented  in  the  table. 
D,  Ben  Davis;  S,  Northern  Spy;  X,  mixed  varieties.  In  plat  j,  count  trees  z  and  2, 
and  those  adjacent,  were  treated  in  igij  with  sulfur  paste;  count  tree  3  is  in  the 
untreated  plat  of  IQ13.     None  of  the  trees  in  plats  4  and  5  were  treated  in  igij 
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to  apply  the  desired  quantity  of  material  per  tree.     In  the  cost  figures 
of  Table  9  the  price  of  wheat  flour  is  taken  as  3  cents  per  pound. 

One  plat  (i)  in  this 
orchard  was  sprayed 
with  a  suspension  of 
the  finely  ground  stdfur 
of  the  dust  mixture, 
to  which  was  added  2 
pounds  of  powdered 
arsenate  of  lead  to 
each  100  gallons  of 
water.  The  sulfur  was 
easily  brought  into  sus- 
pension by  first  wet- 
ting it  with  a  weak 
glue  solution.'  A  fine 
creamy  paste  resulted, 
which  held  up  well  and 
which  passed  very 
readily  through  the 
pump  and  the  nozzles. 
Complete  data  on  time  and  method  of  application  are  shown  in  Table  9. 
The  cost  of  glue  is  not  included  in  the  cost  of  materials  for  the  plat 
(i)  treated  with  sulfur  paste,  and  the  time  involved  in  driving  to  and 
from  the  orchard  and  in  filling  the  tank  is  not  included  in  the  labor 
charges  of  the  sprayed  plats.  This  was  never  ess  than  thirty  minutes 
for  each  100  gallons  of  mixture. 

No  dormant  treatment  was  made  in  this  orchard,  as  San  Jos6  scale 
was  not  known  to  exist  there. 

Three  applications  were  made  in  the  course  of  the  summer,  when  the 
trees  were  in  the  same  condition  as  in  the  other  orchards.  At  the  time 
of  the  first  application,  the  spraying  was  done  a  day  later  than  the  dusting, 
but  there  was  no  intervention  of  rain  or  other  unfavorable  conditions. 
At  the  time  of  the  second  application,  only  the  lower  half  of  plat  3  was 
treated  with  lime-sulfur  solution.  *  On  the  remainder  of  the  plat  sulfur 
paste  was  substituted.  The  treatment  was  the  same  for  the  third  appli- 
cation. 


Pig.  29. — Photograph  made  in  the  Friedah  orchard. 
The  size  and  shape  of  the  trees  is  shown^  also  the 
method  of  applying  the  spray 


'This  mixture  seems  to  have  considerable  value  for  certain  spraying  purposes.  The  exact  method  of  prep- 
aration as  used  in  this  experiment  is  as  follows:  2\  ounces  ot  pulverized  glue  was  dissolved  in  2 1  to  3  gal- 
lons of  warm  water:  20  pounds  of  the  finely  ground  sulfur  and  2  pounds  of  powdered  arsenate  of  lead  were 
weighed  out  into  a  large  pail  or  other  convenient  receptacle.  Glue  solution  was  added  as  required,  and  was 
worked  into  the  mixture  by  kneading  with  the  hands.  This  required  about  five  minutes.  After  the  mixture 
was  thoroughly  wetted,  it  was  thinned  about  one  half  with  water  and  poured  onto  the  strainer  of  the  spray 
tank.  The  strainer  consisted  of  a  wooden  box  with  a  bottom  of  copper  gauze,  20  meshes  to  the  inch,  sup- 
ported by  heavier  galvanized  gauze,  4  meshes  to  the  inch.  By  turning  the  flow  of  water  from  the  nllmg 
apparatus  into  the  mixture,  it  was  easily  worked  through  the  gauze  with  the  hands  or  a  brush. 

"The  shipment  of  lime-sulfur  solution  was  lost  in  transit  and  none  could  be  obtained  in  the  vicinity; 
nor  was  quicklime  available  for  boiling  a  small  quantity. 
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As  cankerworms  and  tent  caterpillars  threatened  the  destruction  of 
the  check  plat,  2  pounds  of  powdered  arsenate  of  lead  was  diluted  with 
50  pounds  of  wheat  flour  and  dusted  onto  the  trees  of  this  plat  on  May  19. 
Although  the  quantity  of  poison  applied  was  small,  still  it  controlled 
these  caterpillars  fairly  well,  and  on  June  2  the  foliage  on  these  trees 
was  in  good  condition  and  contrasted  strikingly  with  the  remaining  un- 
treated part  of  the  orchard. 

The  relative  quantities  of  essential  ingredients  applied  per  tree  each 
time  are  on  an  average  as  follows:  plat  sprayed  with  lime-sulfur,  sulfur 
3.14  ounces,  lead  arsenate  .99  ounce;  plat  dusted  with  80-per-cent  sulfur 
mixture,  sulfur  21.89  ounces,  lead  arsenate  5.47  ounces;  plat  dusted  with 
mixture  containing  wheat  flour  as  a  diluent,  sulfur  13.44  ounces,  lead 
arsenate  3.36  ounces;  plat  sprayed  with  paste  sulfur,  sulfur  8.32  ounces, 
lead  arsenate  .83  ounce. 

Scab  infection  periods 

In  this  orchard,  as  in  the  others,  the  scab  disease  was  the  only  one  of 
consequence.  The  early-infection  period  of  May  11,  12,  and  13  occurred 
in  about  the  same  severity  as  in  the  other  orchards.  At  Waverly,  in 
the  Susquehanna  Valley  twenty  miles  west  of  Owego,  there  were  periods 
that  wotdd  permit  a  cer- 
tain amoimt  of  infection 
on  May  23,  26,  and  27, 
May  29  |hd  30,  June  4 
and  5,  Jtme  7  and  8, 
June  15  and  16,  Jime  19 
to  22  inclusive,  and  Jime 
27  to  29  inclusive.  The 
infection  periods  during 
July  were  more  numerous 
here  than  in  the  other 
orchards,  but,  as  else- 
where, the  majority  of 
late-infection  periods 
occurred  in  mid-August. 


Insects  of  the  season 

This  orchard  was  badly 
infested  by  cankerworms, 
apple  tent-caterpillars, 
and  forest  tent-caterpil- 
lars, and  in  the  untreated  part  of  the  orchard  many  of  the  trees  were 
nearly  defoliated  by  these  insects.     Bud  moths  were  no  more  abundant 


Pig.  30. — Spraying  outfit  used  in  the  Friedah  orchard. 
Difficulty  with  the  engine  delayed  the  work  and  made 
many  of  the  time  records  worthless 
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than  in  the  Catchpole  orchard,  but  cigar  case-bearers  were  very  plentiful. 
Leaf  rollers  were  abundant,  but  some  of  the  injury  attributed  to  these 
insects  at  the  time  of  cotmting  may  have  been  caused  by  tent  caterpil- 
lars and  possibly  by  the  white-marked  tussock-moth  caterpillar.  For 
some  unknown  reason,  the  codling  moth  was  not  so  abundant  as 
would  be  expected  in  an  orchard  so  badly  neglected. 

Results  of  experiments 

Scab  control. —  The  first  applications,  on  May  19  and  20,  were  made 
opportunely  to  afford  protection  against  infections  occurring  late  in  May. 
As  the  primary  infections  of  May  11  had  not  developed  conidia  tmtil  near 
June  I,  infections  occurring  in  May  were  from  ascospores.  The  number 
of  infections  was  obviously  much  less  than  if  conidia  had  been  present, 
and  the  amount  of  pedicel  infection  was  so  sUght  as  to  be  a  negligible 
factor.  Judging  from  the  other  orchards,  it  is  probable  that  conidia 
were  liberated  from  scab  spots  on  May  29  and  30,  when  the  conditions 
apparently  were  very  favorable  for  infection.  The  blossoms  had  all 
fallen  on  this  date,  and  the  Waverly  record  shows  dense  fog  on  May  29 
with  slight  precipitation  on  May  30.  Subsequent  observations  indicate 
strongly  that  a  large  amount  of  secondary  infection  occurred  at  this 
time.  The  second  appUcation,  on  Jtme  2,  afforded  protection  against 
the  infections  of  Jime  4  and  5,  which  was  decidedly  the  most  favorable 
period  for  infection  prior  to  the  rains  beginning  on  June  19. 

The  third  application,  on  Jtme  20,  following  the  heavy  rain  during 
the  afternoon  and  night  of  Jime  19,  tmquestionably  was  made  too  late 
to  prevent  the  greatest  infection  of  the  season,  although  additional  infec- 
tions occurring  on  Jime  21  and  22  were  forestalled. 

By  July  I,  when  the  orchard  was  examined,  it  was  evident  that  there 
was  a  large  amoimt  of  scab  infection  on  all  the  treated  plats.  Drops 
in  this  orchard  were  destroyed  by  hogs,  except  those  that  were  caught 
in  cheesecloth  hammocks.  The  pedicels  were  practically  free  from  in- 
fection, and,  as  there  was  no  indication  on  July  i  that  the  scab  disease 
was  in  any  way  responsible  for  the  dropping  of  fruit,  no  record  was  made 
of  the  percentage  of  scab  on  the  small  number  of  drops  caught.  No 
thinning  was  done  in  this  orchard.  The  late  application  was  omitted 
intentionally. 

It  is  obvious  from  Table  10  that  very  poor  control  of  scab  resulted 
on  any  of  the  plats.  The  order  of  effectiveness  of  early-scab  control 
for  the  various  materials  may  be  an  indication  of  the  relative  value  of 
the  substances  tested,  but  this  order  coincides  with  the  order  of  appli- 
cation of  the  materials  at  the  time  of  the  third  application.  Plat  3 
(lime-sulfur  solution)  was  treated  in  the  morning,  plat  i  (sulfur  paste) 
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was  begun  at  one  o'clock  in  the  afternoon  and  finished  about  four  o'clock, 
and  the  two  dusted  plats  were  treated  after  five  o'clock  in  the  afternoon. 
In  view  of  the  observations  and  records  of  Wallace®  (page  570  and  Plate 
XI  of  reference  cited),  it  seems  quite  possible  that  the  application  of 
lime-sulfur  made  approximately  eighteen  hours  after  the  rains  set  in 
prevented  a  certain  amount  of  infection  which  applications  six  hours 
later,  or  even  one  hour  later,  wotdd  not  have  prevented.  One  of  the 
strongest  reasons  for  beUeving  that  this  factor  enters  is  that  in  Blodgett's 
experiments^®  sulfur  dust  and  sulfur  paste  were  equally  effective  in  scab 
control,  whereas  in  this  orchard  the  difference  is  pronounced  (being  10 
per  cent),  and  the  difference  between  the  percentage  of  scab  control 
with  lime-sulfur  solution  and  either  dust  or  paste  is  much  greater  than 
it  was  last  year. 

The  control  of  late  scab,  as  in  the  Glidden  orchard,  varies  directly 
with  the  control  of  early  scab,  and,  as  in  the  other  orchards,  apples  bearing 
early-scab  spots  were  almost  certain  to  show  late  infection  also. 

Insect  control. —  In  this  orchard  all  the  treatments  greatly  decreased 
the  injury  caused  by  leaf  roller,  the  best  results  being  obtained  by  the 
use  of  the  sulfur  and  lead  arsenate  in  dust  form.  Only  2.1  per  cent  of 
the  apples  in  the  check  plat  were  injured  by  the  codling  moth;  aU  the 
treatments  given  reduced  this  injury  to  less  than  i  per  cent. 

GENERAL   SUMMARY 

Material  progress  has  been  made  in  answering  the  six- points  to  be 
determined  as  outlined  at  the  beginning  of  this  bialletin,  and  a  number 
of  additional  observations  bearing  on  the  general  project  may  be  recorded: 

1.  The  dust  method  seems  to  be  particularly  applicable  to  large  old 
trees,  with  which  the  difficulty  in  doing  thorough  spraying  is  most  apparent. 

2.  It  is  well  understood  that,  in  dealing  with  natture,  things  rarely 
happen  twice  alike.  With  the  information  now  at  hand,  a  schedule 
could  be  made  which,  if  followed,  would  give  a  complete  and  satisfying 
answer  to  the  second  point.  Whether  or  not  the  results  of  last  year  have 
been  duplicated  or  improved  may  appear  to  depend  on  which  orchard 
is  chosen  or  on  an  average  of  the  three  orchards.  It  does  not.  It  depends 
on  an  interpretation  of  the  data  secured  in  the  light  of  known  biological 
and  physical  phenomena,  and  in  this  instance  more  particularly  in  the 
light  of  the  facts  known  about  the  apple  scab  fungus. 

That  the  scab  fungus  would  mature  earlier  than  usual  in  19 14  might 
have  been  determined  in  advance,  but  the  practicability  of  making  an 
application  of  spray  to  prevent  the  early  infection  is  doubtful.  It  prob- 
ably would  have  been  a  physical  impossibility  in  two  of  the  orchards, 

•WftUacc,  Errett.    Scab  disease  of  apples.    Cornell  Univ.  Agr.  Exp.  Sta.    Bui.  3^5  :  545-624.      Z9I3« 
*8oe  Table  5  in  BuUetin  340  o<  the  Cornell  University  Agricultiual  Expetiment  Staticxu 
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Fig.  31. — Reproduction  of  the  weather  maps  issued  on  May  27,  28,  2Q,  and 
June  I .  Conditions  on  May  27  were  favorable  for  rain  within  a  few  hours. 
The  ''Low''  central  over  Lake  Huron  on  this  date  had  been  moving  east- 
ward for  two  days,  and  caused  the  writers  great  anxiety.  The  fact  that 
the  center  was  above  the  lakes  afforded  some  relief,  but  the  map  of  May  28 
revealed  a  new  menace.  This  area  fortunately  lost  in  intensity,  but  permit- 
ted  some  rainfall  on  May  jo  (May  30  being  a  holiday,  no  map  was 
made  on  that  day) 


because  of  the  soft  condition  of  the  soil.  A  dusting  outfit  could  have 
been  used.  Such  an  application  would  have  afforded  no  pedicel  pro- 
tection, but  this  year  such  protection  was  not  needed. 

The  second  application  should  have  been  made  earUer.  The  trees 
were  in  a  suitable  stage  for  treatment  several  days  earlier  than  the  actual 
date  of  application.  While  this  fact  was  fully  realized  at  the  time,  and 
weather  charts  (Fig.  31)  indicated  the  occurrence  of  rain,  one  of  the 
writers  (C)  was  at  that  time  unfamiliar  with  the  details  of  the  experi- 
ments and  the  other  was  detained  in  Ithaca  with  five  days  of  work  which 
could  not  be  delegated.  That  the  infection  at  Holley  was  slight  on  May  28 
is  purely  accidental,  since  general  conditions  existed  which  might  have 
permitted  a  considerable  infection. 

The  third  application  was  being  timed  with  special  reference  to  codling 
moth,  but  of  course  due  regard  was  taken  of  possible  scab-infection  periods. 
It  was  decided  tentatively  by  one  of  the  writers  (C)  to  begin  the  work 
of  making  the  application  on  June  18.  Weather  conditions  on  the  pre- 
vious days,  as  can  be  seen  from  the  accompanying  reproductions  of  the 
maps  for  those  days  (Fig.  32),  did  not  indicate  that  a  serious  disturbance 
was  imminent,  and  indeed  the  forecast  of  the  observers  on  Jtme  18  was 
for  fair  weather.  It  will  be  noticed  from  the  maps  that  an  area  of 
insignificant  extent  was  responsible  for  the  downpour  of  Jime  19.  Again, 
Z7 


Digitized  by  VjOOQ IC 


578 


Bulletin  354 


Digitized  by  VjOOQ IC 


Further  Experiments  in  the  Dusting  and  Spraying  op  Apples  579 
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Fig.  32. — Reproduction  of  the  weather  maps  issued  on'  June  15,  16,  if,  18 , 
and  ig,  1914.  The  disturbance  {indicated  by  the  word  ''Law'')  in  the 
Canadian  Northwest  on  June  17  might  have  been  expected  to  reach  New 
York  in  three  or  four  days,  thus  allowing  ample  time  to  protect  all  the 
experimental  orchards.  Instead,  on  June  18  there  are  two  storm  centers, 
and  at  eight  o'clock  in  the  morning  on  Jzne  19  one  of  them  is  central  over 
Lake  Erie,  The  area  was  insignificant  in  extent,  but  it  was  large  enough 
to  involve  all  three  orchards 

it  was,  in  a  way,  only  accidental  that  the  Glidden  orchard  was  treated 
in  time  to  forestall  the  heavy  infection  of  June  19.  The  low  barometer 
showing  for  the  first  time  on  June  17  in  the  Canadian  Northwest  was 
the  one  that  might  bring  rain.  That  it  wotdd  split,  and  a  small  part 
move  across  the  country  at  great  velocity,  bringing  in  its  wake  a  torrent 
of  rain  that  wotdd  involve  the  three  rather  widely  separated  experimental 
orchards,  was  certainly  not  anticipated  by  the  writers,  who  do  not  profess 
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to  be  weather  prophets.  As  a  result  of  the  disturbance,  the  general 
unsettled  condition  indicated  in  the  map  of  June  20  reached  western 
New  York  on  June  21  and  continued  for  four  days. 

The  test  in  the  Glidden  orchard  was  a  fairly  severe  one,  inasmuch 
as  the  imsprayed  trees,  which  previously  had  been  well  sprayed  annually 
for  at  least  seven  years,  developed  35  per  cent  of  scabby  apples. 

In  the  writers'  opinion,  therefore,  the  results  obtained  in  the  Glidden 
orchard  should  receive  the  most  consideration,  and  on  that  basis  the 
question  may  be  answered  by  saying  that  the  results  of  1913  have  been 
approximated  so  far  as  scab  is  concerned. 

Aside  from  insect  and  disease  control,  the  mechanical  difficulties  of 
former  years  were  decidedly  reduced,  and  from  this  standpoint  the  work 
of  the  season  has  been  a  great  improvement  over  that  of  former  years. 

The  removal  of  mechanical  difficulties  has  made  it  possible  to  secure 
more  reliable  cost  data  than  could  be  obtained  formerly,  and  it  now 
appears  that  an  orchard  may  be  protected  by  dusting  at  the  same  cost 
per  tree  as  by  spraying,  or  at  less  cost. 

3.  The  tests  of  the  various  mixtures  on  insect  control  were  not  so  severe 
as  in  former  years,  and  the  absence  of  codling  moth  in  all  three  orchards 
leaves  the  control  of  this  important  pest  out  of  consideration.  It  appears, 
however,  that  the  dust  mixtures  containing  10  per  ccQt  of  arsenate  of  lead 
are  as  effective  as  those  containing  twice  the  quantity. 

4.  It  would  appear  that  the  quantity  of  sulfur  applied  per  tree  may  be 
reduced.  By  comparing  the  percentage  of  early  apple  scab  in  plats  3  and 
5  of  the  Glidden  orchard,  or  in  the  two  dusted  plats  in  the  Friedah  orchard, 
it  will  be  seen  that  they  are  very  close  together.  This  can  only  indicate 
that  some  trees  received  50  per  cent  more  sulfur  than  was  necessary.  The 
fact  that  the  gypsum  plat  in  the  Catchpole  orchard  runs  higher  in  scab  is 
thought  to  be  an  indication  of  less  thorough  application  (because  of  wind) 
rather  than  of  reduced  fungicidal  value. 

5.  To  the  fifth  question  a  satisfactory  answer  has  not  been  secured.  The 
results  with  hydrated  lime  are  indecisive,  as  they  are  quite  different  in  the 
two  orchards  where  this  substance  was  used.  In  the  Glidden  orchard  the 
heavy  shower  following  immediately  after  the  first  application  of  the 
mixture  containing  lime  may  have  washed  off  the  material  before  it  was 
set,  while  in  the  Catchpole  orchard  the  more  favorable  showing  of  the  lime- 
dusted  plat  may  be  attributed  to  one  of  two  things  —  the  application  of 
bordeaux  mixture  on  May  14,  or  more  satisfactory  applications  of  dust 
due  to  the  fact  that  adjacent  woods  broke  the  force  of  the  wind  in  this  area. 
The  latter  is  the  more  probable  explanation. 

The  use  of  gypsum  did  not  seem  to  add  to  or  detract  from  the  adhesive- 
ness of  the  mixture. 
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Wheat  flour  did  not  add  materially  to  the  adhesive  properties  of  the 
mixture,  and  the  expense  of  this  substance  practically  precludes  its  use. 

6.  The  paste  sulfur,  although  applied  very  cheaply,  does  not  seem  to  be 
the  equal  of  lime-sulfur  solution.  However,  the  test  cannot  be  regarded 
as  conclusive. 

OTHER   generalizations 

In  addition  to  the  above  considerations,  observations  have  been  made  on 
a  number  of  points  about  which  there  has  been  considerable  inquiry. 

Destruction  of  fallen  leaves 
That  fallen  leaves  are  the  source  of  primary  scab  infection  in  these  or- 
chards is  unquestionable.  It  is  also  very  evident  from  this  work  that  the 
amount  of  secondary  infection  is  directly  dependent  on  the  abundance  of 
primary  infection.  Everything  points  to  the  conclusion  that  the  early 
destruction  of  the  fallen  leaves  (sometime  previous  to  May  11)  would  have 
materially  reduced  the  number  of  primary  infections  and  would  have  made 
the  control  of  secondary  infections  easier.  At  least  two  of  the  orchards 
might  have  been  plowed  at  any  time  during  the  month  of  December,  19 13. 
It  is  doubtful  whether  any  of  them  could  have  been  plowed  in  April  or  .early 
May  of  1914,  because  of  the  wet  condition  of  the  soil.  Plowing  under  the 
old  leaves,  however,  will  never  be  so  effective  as  to  make  the  application  of 
fungicides  unnecessary. 

What  makes  dust  stick? 

There  have  been  many  inquiries  as  to  what  it  is  that  makes  the  dust 
preparations  adhere  to  the  foliage.  There  seem  to  be  at  least  two  factors 
involved,  possibly  more.  During  the  early  pferiod  of  growth  of  the  leaf  and 
the  fruit,  a  dense  mat  of  fine  plant  hairs  covers  each.  The  particles  of  the 
dust  mixture  are  fine  enough  to  lodge  between  these  hairs,  and  are  there 
protected  from  wind  and  rain.  It  appears,  therefore,  that  the  fineness  of 
the  material  is  an  important  item."  The  same  hairs  are  effective  in  hold- 
ing many  spores  of  the  scab  fungus  in  place  imtil  they  have  had  time  to 
germinate. 

The  other  factor  of  importance  is  the  adhesive  nature  of  some  of  the  lead 
compounds.  The  white  lead  of  commerce  is  well  known  because  of  this 
property.  When  lead  arsenate  is  moistened,  it  becomes  somewhat  gelati- 
nous and  is  difficult  to  wash  off  completely.  This  was  brought  forcibly  to 
the  attention  of  one  of  the  writers  (R)  when,  after  completing  a  job  of  dust- 
ing, he  undertook  to  wash  the  dust  from  his  hair  with  soap  and  water. 

u  The  sulfur  used  in  all  these  experiments  is  much  finer  than  the  ordinary  sulfur  flour  or  even  flowers  of 
solfnr.  At  least  95  per  cent  will  pass  a  aoo<nesh  screen.  Comparative  sizes  of  individiial  particles  of  the 
varioos  kinds  of  siUrar  are  illustrated  by  photomicrographs,  ana  the  method  of  testing  the  f^nenww  is  de- 
scribed by  Blodgett  (ConieU  Univ.  Agr.  Bxp.  Sta.    BuL  328  :  306-3 10,  figs.  xo8-x  10.    19x3) • 
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Each  hair  seemed  to  become  covered  with  a  film  of  the  mixture.  Finally 
a  barber  was  resorted  to  for  relief.  This  homely  experience  has  increased 
the  writers'  respect  for  the  adhesiveness  of  a  mixture  containing  arsenate 
of  lead,  and  leads  them  to  beUeve  that  this  may  help  to  explain  how  the 
mixture  sticks  to  the  trees.  The  moisture,  of  course,  is  suppUed  by  the 
dew  of  the  succeeding  night  or  by  gentle  rains. 

Must  dust  be  applied  at  special  times? 

There  is  an  idea  prevalent  that  dust  must  be  applied  very  early  in  the 
morning  in  order  that  advantage  may  be  taken  of  the  dew  on  the  trees. 
Doubtless  this  would  be  an  advantage  in  causing  the  mixture  to  set  at  once, 
but  in  the  minds  of  most  New  York  orchardists  it  is  impracticable.  In 
localities  where  wind  is  a  factor,  early  morning  applications  before  the  wind 
comes  up  would  be  desirable.  It  usually  happens,  however,  that  there  are 
a  few  days  of  calm  weather  between  the  storm  periods,  during  which  dusting 
or  spraying  can  be  done  advantageously. 

Aside  from  the  points  mentioned  above,  the  time  of  application  of  dust 
does  not  differ  from  that  of  applying  spray  with  possibly  one  exception.  If 
before  a  given  application  is  finished  a  heavy  rain  should  come  early  in  the 
morning  (as  early  as  three  o'clock)  and  be  followed  by  a  day  of  fog,  it  would 
be  profitable  to  run  the  duster  at  full  capacity  for  most  of  the  day.  Spray- 
ing, of  course,  could  not  be  done  because  of  wet  ground  and  the  drip  from 
the  foliage. 

Is  there  danger  from  breathing  the  dustf 

In  regular  work  there  is  little  necessity  for  breathing  the  dust,  except  for 
the  slight  leakage  about  the  machine,  in.  tiuning  at  the  ends  of  rows  when 
there  is  some  wind,  and  in  filling  the  hopper.  In  case  of  frequent  changes  of 
materials  and  in  the  short  rows  of  experimental  work,  a  number  of  different 
persons  (the  writers  included)  have  breathed  considerable  quantities  of  the 
dust.  No  inconvenience  has  been  experienced  by  any  one,  and  no  imfavor- 
able  symptoms  of  anything  like  lead  poisoning. 

Special  equipment  needed 

Aside  from  the  mounted  dusting  machine  and  engine,  no  special  equip- 
ment is  needed  except  a  pair  of  goggles  for  the  operator  and  one  for  the 
driver.  A  very  small  quantity  of  sulfur  dust  in  the  eyes  causes  an  irritation 
which  becomes  noticeable  only  after  an  hour  or  more  an4  which  is  aggra- 
vated by  rubbing.  A  pair  of  goggles  that  fit  tightly  about  the  eyes  and 
cover  the  least  possible  extent  of  surface  is  desirable.  The  larger  kinds  are 
likely  to  become  fogged  from  perspiration. 
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Sow  oats,  or  dustf 
Every  fruit  grower  knows  that  there  are  times  when  the  teams  on  the 
spraying  outfit  are  sorely  needed  for  plowing,  for  fitting  the  land,  or  for 
seeding.  By  employing  the  dust  method,  the  labor  item  in  protecting  the  . 
orchard  may  be  reduced  nearly  one  fourth.  Whether  the  duster  or  sprayer 
should  be  run  on  any  certain  day  in  preference  to  doing  other  farm  work, 
is  the  one  point  about  which  effective  disease  control  hinges.  First  of  all, 
the  trees  must, be  in  condition  for  an  effective  application.  Aside  from 
that,  the  determining  point  should  be  based  on  a  prognostication  of  the  next 
storm  period.  If  the  dependence  of  scab  infection  on  rainfall  and  attendant 
weather  conditions  was  ever  in  doubt,  the  work  presented  in  this  bulletin 
would  dispel  such  doubt.  Any  one  can  learn  to  make  intelligent  use  of  the 
forecasts  of  the  United  States  Weather  Bureau,  and  by  going  back  of  the 
twenty-four-hour  forecast  and  examining  the  maps  from  which  the  fore- 
cast was  made  one  can  determine  in  a  general  way  what  may  happen  in  the 
next  two  or  three  days.  If  there  are  probabilities  of  a  general  storm  period 
within  forty-eight  hours,  the  orchard  should  be  protected  regardless 
of  other  farm  operations.  If  no  maps  can  be  consulted,  but  the  wind 
is  in  the  east  and  has  been  in  the  east  or  the  northeast  on  the  day  before, 
there  is  sufficient  reason  in  most  parts  of  the  State  for  nmning  the  duster  in 
preference  to  the  grain  drill.  The  oats  will  grow  if  put  in  after  the  rain,  but 
orchard  treatments  after  the  rain  will  not  prevent  scab  infection. 

Who  shall  diistf 

There  is  no  indication  that  the  spray  machine  can  be  thrown  on  the  scrap 
heap.  In  fact,  with  oiir  present  knowledge,  it  is  quite  certain  that  the  trees 
must  be  sprayed  in  the  dormant  stage  just  as  in  the  past.  The  man  who 
can  cover  his  entire  orchard  in  three  to  four  days  will  doubtless  continue 
sprajong  as  in  the  past.  Where  the  relation  of  orchard  to  farm  is  such  as 
to  throw  an  unusual  load  of  labor  on  men  and  teams  during  May  and  June, 
and  where  the  orchard  is  of  such  extent  that  it  is  practically  impossible  to 
equip  enough  outfits  to  do  the  sprajong  at  critical  times,  the  duster  will 
afford  necessary  relief.  For  the  present,  at  least,  it  seems  desirable,  in  case 
both  duster  and  sprayer  are  used,  to  apply  the  liquid  to  varieties  most 
susceptible  to  scab. 

On  a  good  day  —  and  there  are  usually  two  or  more  comparatively  calm 
days  between  storm  periods  at  this  time  of  year  —  one  can  expect  to  cover 
six  hundred  to  nine  hundred  trees  in  ten  hours.  If  the  trees  are  small  and 
the  horses  walk  briskly,  more  trees  can  be  covered.  This  experimental 
work  has  been  done  almost  entirely  from  the  point  of  view  of  the  commercial 
orchardist.  Its  applications,  however,  extend  to  practically  all  owners  of 
apple  trees,  and  particularly  to  the  general  farmer  with  a  few  trees  in  the 
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home  orchard.  It  is  very  exceptional  to  find  small  orchards  that  are 
sprayed.  On  the  general  farm  the  dates  of  application  are  too  inopportune, 
and  it  usually  happens  that  the  only  spraying  outfit  available  is  traction- 
driven.  Such  outfits  usually  do  not  give  satisfaction  in  the  orchard.  With 
the  dust  method  one  man,  the  hack  horse  hitched  to  the  democrat  wagon, 
and  a  small  hand  machine  that  is  always  in  readiness  for  operation,  are  the 
only  equipment  necessary. 

What  materials  shall  be  used? 
The  tests  of  recent  years  have  been  made  with  a  very  fine  sulfur  fiour 
combined  with  dry  arsenate  of  lead,  and  any  combination  other  than  this 
should  be  used  only  in  an  experimental  way.  Whether  an  inert  carrier, 
such  as  powdered  gypsum,  should  be  added,  or  whether  a  smaller  quantity 
of  the  undiluted  mixture  should  be  applied  per  tree,  is  an  open  question. 
For  the  present  it  would  be  advisable  to  use  a  mixture  of  90  parts  of  pure 
sulfur  specially  finely  ground  and  10  parts  of  powdered  arsenate  of  lead, 
applying,  on  an  average,  li  to  3  pounds  of  the  mixture  per  tree  at  each  ap- 
plication. If  the  grower  desires  to  compound  his  materials  he  should  pro- 
cure a  suitable  mixing  outfit.  Experience  in  diluting  lead  arsenate  for  the 
treatment  of  the  check  plat  in  the  Friedah  orchard  makes  it  certain  that, 
with  the  average  equipment  about  the  farm,  a  grower  cannot  make  a  suit- 
able mixture  economically. 
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TWO  FACTORS  CAUSING  VARIATION 
IN  THE  WEIGHT  OF  PRINT  BUTTER 

H.    M.    PiCKJERILL  AND  E.   S.    GUTHRIE 

A  law  passed  by  the  New  York  State  Legislattire  in  1 9 1 2  reqtdres  that  print 
butter  shall  be  stamped  with  its  correct  weight.     This  law  reads  as  follows^ 

"  The  maximiim  variation  allowed  on  a  pound  print  to  be  three- 
eighths  of  an  ounce  on  an  individual  print,  provided  that  the  average 
error  of  twelve  prints,  taken  at  random,  shall  not  be  over  one-fourth  of  an 
ounce  per  jKnmd.  The  maximum  variation  allowed  on  two-pound  prints 
to  be  one-half  ounce,  provided  that  the  shortage  on  twelve  prints,  taken 
at  random,  be  not  more  than  three-eighths  of  an  ounce  for  two  pounds. 

**  Prints  that  are  not  of  one  pound  or  two  poimds  must  be  marked  in 
letters  at  least  three-eighths  of  an  inch  in  height,  giving  the  correct  weight 
in  terms  of  oimces  or  potmds  and  ounces." 

It  is  purposed  to  point  out,  in  this  bulletin,  the  variation  that  may  occur 
in  the  weight  of  butter  because  of  a  difference  in  pore  space  and  because 
of  shrinkage  taking  place  after  the  butter  is  made  up  in  one-pound  bricks 
and  wrapped  in  parchment  paper. 

VARIATION   DUE   TO   PORE   SPACE 

There  is  considerable  variation  in  the  amount  of  pore  space  in  butter 
taken  from  different  chumings.  This  is  important,  because  jwints  are  cut 
by  volume  and  because  individual  prints  are  seldom  weighed.  It  is  evi- 
dent that  the  greater  the  amotmt  of  pore  space»  the  less  a  given  volume 
will  weigh. 

Rogers,^  when  he  worked  on  the  fishy  flavor  found  in  butter,  studied 
the  amotmt  of  air  that  might  be  incorporated.  His  method  consisted  in 
determining  the  amoimt  of  oxygen  that  was  incorporated,  and  then  com- 
puting the  increased  air  content.  He  says  :  "  Butter  badly  overworked 
with  a  spatula  always  shows  a  distinctly  higher  oxygen  content  than  an 
unworked  portion  of  the  same  sample  when  they  are  compared  by  this 
method.  The  difference  is  usually  equivalent  to  about  0.2  cubic  centi- 
meter of  gas  absorbable  by  alkaline  pyrogallic  acid  solution  for  every  19 
grams  of  butter  when  measured  imder  these  conditions.  This  indicates 
an  increased  air  content  of  over  10  per  cent.  With  butter  overworked  in 
a  chum  the  difference  is  small  but  distinct." 

According  to  Rogers*  work,  the  increase  in  air  content  of  butter  is  much 
smaller  than  some  of  the  differences  noted  in  this  work.  If  the  original 
pore  space  of  a  piece  of  butter  were  3  per  cent  and  it  increased  10  per 
cent,  as  Rogers  finds,-  it  would  then  be  only  3.3  per  cent. 

The  method  used  in  these  studies  for  determining  the  pore  space  of 
butter  was  to  find  the  weight  of  the  butter,  its  voltmie,  and  the  average 

« Prom  New  York  Sutc  Wwj^hts  and  Measures  Bulletin,  New  Series.  No.  3.  December,  1914. 
*  Ro0en,  L.  A.    Fishy  flavor  m  butter.    U.  S.  Animal  Indus.  Bur.    Ctrc.  I4i6:i5-x6.    1909. 
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specific  gravity  of  the  butter  constituents  taken  collectively.  In  detail 
the  method  used  in  calculating  the  amoimt  of  pore  space  requires  the  use 
of  a  wide-mouth  bottle,  the  exact  capacity  of  which  is  known  when  it  is 
filled  to  a  point  indicated  by  a  file  mark  on  the  outside.  The  weight  and 
volume  of  a  piece  of  butter  are  then  determined  as  follows: 

A.  Weight  of  flask  =  323.4  grams 

B.  Weight  of  flask  -f  butter  =  397.7  grams 

C.  Weight  of  flask  -f  butter  -f  water  to  file  mark =898.3  grams 
B  —  A  =  weight  of  butter,  74.3  grams 

C  —  B  =s  weight  of  water,  500.6  grams 

C  —  B  =  also  the  volume  of  water  at  o®  C.  500.6  cubic  centimeters 
Volume  of  water  at  10®  C.=  500.85  cubic  centimeters 
Capacity  of  bottle  to  file  mark  =8578.00  cubic  centimeters 

578.00  (capacity  of  bottle) — 500.85  (volume  of  water)= volume  of  butter,  77.15 
cubic  centimeters 

In  order  to  find  the  average  specific  gravity  of  the  butter  constituents, 
which  is  the  absolute  specific  gravity  of  the  butter,  the  percentage  of  each 
constituent  is  multiplied  by  the  specific  gravity  of  that  constituent,  and 
the  sum  of  the  products  is  divided  by  100.  The  result  is  obtained  as 
follows: 


Moisture 

13-9  X 

i«  = 

13.900 

Salt 

2.8x2.16*  = 

6.048 

Curd» 

.5x 

M«  = 

.700 

Fat 

82.8  X 

.94«  = 

77.832 

Total...   100.  o  98.480 

98.48 -^  100  =.9848.  This  is  the  average  specific  gravity  of  the 
butter  constituents,  or  the  absolute  specific  gravity  of  the  butter. 

In  order  to  calculate  the  pore  space  from  the  volume,  weight,  and  ab- 
solute specific  gravity,  the  volume,  77.15,  is  multiplied  by  the  absolute 
specific  gravity,  .9848.  This  gives  75.977,  the  number  of  grams  the  piece 
of  butter  would  weigh  if  there  were  no  pore  space.  This  is  the  volume 
weight.  The  butter,  however,  weighs  only  74.3  grams,  which  shows  that 
there  is  a  certain  amotmt  of  pore  space  present.  When  calculated  exactly, 
the  percentage  of  pore  space  is  found  to  be  as  follows: 

75*977       74-3  >^  ^^^  _.  2  2,  percentage  of  pore  space 
75.977 

In  order  to  determine  to  what  extent  the  pore  space  in  different  chumings 
varies  from  day  to  day,  tests  of  the  butter  at  the  college  creamery  have  been 
made  on  a  munber  of  da3rs.     The  following  data  were  collected: 

•  Prom  Dairy  Chemistry,  edition  of  iSgg,  page  6s.  By  Henry  Droop  Richmond.  The  increase  above 
specific  gravities  because  of  low  temperatures  was  estunated  by  Richmond. 

« Prom  Treatise  on  Chemistry,  volume  a,  page  252^    By  Rpscoe  and  Schorlcmmer.  ^    ^      .  ^       _. 

•  In  the  first  samples  the  percentage  of  curd  was  determmed  by  the  Kjeldahl  method;  but  it  was  found 
to  vary  so  slightly  from  .5  of  i  per  cent  that  in  subsequent  experiments  the  exact  peroentaffs  was  not 
detenikiiied* 
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Date 


Percentage 

of  pore 

space 

2.00 

June 

4 

4.00 

5 

4.00 

7 

500 

10 

5.00 

12 

3.60 

21 

3  40 

24 

3.00 

25 

570 

26 

540 

July 

5 

2.90 

9 

Date 


Percentage 
of  pore 
space 


May  14, 1912. 

15 
16 

17 
18 
21 
22 
28 
29 
29 
3 


June 


4.20 
6.00 
0.50 
3.60 
2.60 
3  80 
4.00 
3.30 
2.90 
2.30 
4.00 


In  these  tests  the  amount  varies  from  .5  of  i  per  cent  to  6  per  cent, 
the  average  being  3.69  per  cent. 

Let  it  be  supposed  that  the  printing  machine  was  set  to  cut  exactly 
one-pound  prints  when  the  pore  space  was  2  per  cent.  If  on  the  next 
day  the  pore  space  was  6  per  cent,  the  prints  would  actually  weigh  15.4 
ounces,  or  only  96  per  cent  as  much  as  on  the  day  preceding.  It  is  impor- 
tant, therefore,  that  the  manufacturer  weigh  the  first  few  prints  made 
from  each  churning,  in  order  to  determine  whether  they  are  being  cut 
too  heavy  or  too  light. 

In  computing  the  amount  of  pore  space,  it  was  thought  wise  to  deter- 
mine the  experimental  error  so  far  as  possible.  Data  were  obtained 
in  the  following  manner:  Two  one-poimd  prints  were  taken  from  the 
same  churning,  and  from  these  two  prints  six  determinations  of  the  pore 
space  were  made.     The  following  results  are  recorded: 


Print 

Percentage  of 
pore  space 

Print 

Percentage  of 
pore  space 

I 

31 
2.2 

1-7 

2 

2.2 

I 

2 

3  2 
1.8 

I 

2 

Six  prints  were  taken  from  the  same  part  of  another  churning,  and 
half  of  each  print  was  studied.  The  following  percentages  of  pore  space 
were  shown  in  these  prints: 


Print 

Percentage  of 
pore  space 

Print 

Percentage  of 
pore  space 

I 

4.75 
5-33 
4.74 

4.60 
3.90 

A 

5.78 
5.99 
5.56 
4.58 
5  17 
6.16 

I 

A 

2 

C 

2 

S 

1 

6- 

'I 

6 

Some  of  the  above  variations  may  be  due  to  error  in  making  the  deter- 
minations.   But  it  is  readily  seen  that  the  butter  is  not  constant,  even  whea 
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it  is  taken  from  the  same  spot  in  the  chum,  because  there  may  be  air  pockets 

due  to  improper  packing  in  the  printing  machine  or  for  other  reasons. 

If  in  old  butter  some  of  the  moisture  evaporates,   it   seems   evident 

that  the  amount  of  pore  space  would  be  the  space  originally   present 

plus  the  space  left  by  the  evaporated  moisture.     Some  tests  were  made 

on  butter  several  months  old,  with  the  following  results: 

Percentage  of 
Sample  pore  space 

I II. 4 

2 4.0 

3 6.8 

4 9.7 

5 14.9 

6 7.3 

The  amount  of  pore  space  in  these  samples  when  first  made  is  not 

known,  but  the  results  found  when  the  butter  was  old  show  a  higher 

percentage  than  any  others  thus  far  recorded.     This  condition  seems  to 

warrant  the  assumption  that  age  causes  an  increase  in  the  amount  of  pore 

space.     The  explanation  of  this  is  probably  to  be  fotmd  in  the  evaporation 

of  moistiwe  from  the  samples.     In  general,  their  moistxire  content  was  low, 

being  only  9  per  cent  in  some  instances. 

VARIATION  DUE  TO  SHRINKAGE   OP   PRINTS 

The  second  factor  studied  is  the  shrinkage  that  takes  place  after  the 
butter  has  been  printed  and  before  it  reaches  the  consimisr. 

WiUard*  reports  a  loss  by  shrinkage  of  a  little  less  than  half  an  ounce 
per  print  on  five  one-pound  bricks  of  butter  that  were  kept  from  December 
29,  1909,  to  Jtdy  6,  1910,  in  an  average  creamery  refrigerator;  these  prints 
were  wrapped  in  parchment  paper  and  placed  in  paraffined  cartons. 
At  the  same  time  fifty  one-pound  prints  that  were  wrapped  in  parchment 
paper  and  placed  in  paraffined  cartons  were  put  into  a  wooden  case  and 
placed  in  cold  storage;  they  were  removed  from  the  refrigerator  on  March 
2,  1910,  with  no  shrinkage.  Five  prints  that  were  wrapped  in  parchment 
paper  and  put  into  paraffined  cartons  were  placed  in  a  living-room  five 
feet  from  a  radiator;  on  April  22,  1910,  the  loss  was  a  little  less  than  an 
ounce  per  brick.  Five  one-pound  prints  were  wrapped  in  double  parch- 
ment paper  and  put  into  paraffined  cartons;  on  April  22,  1910,  after  a 
period  of  more  than  three  months  in  an  open  cabinet  in  a  hall,  the 
evaporation  was  a  little  over  one-half  ounce  per  print.  Nine  prints  were 
wrapped  in  double  parchment  paper  and  put  into  paraffined  cartons 
with  an  outside  wrapper;  after  a  period  of  almost  five  months  in  a  creamery 
refrigerator,  the  loss  by  shrinkage  was  about  one-fifth  of  an  ounce.  Thirty 
one-pound  prints  that  were  wrapped  in  the  same  manner  as  the  above 

•  Willard,  J.  T.  Changes  in  weight  of  stored  flour  and  butter.  Kansas  Sute  Board  of  Health.  BoL 
no.-ti  vok  7«  V'  9<    X9XX. 
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nine  prints  were  put  into  a  fiber-board  carrying  case  and  placed  in  cold 
storage;  the  weight  of  the  prints  remained  constant  throughout  the  test, 
which  lasted  four  months. 

Frevert'  says :  "Under  store  conditions,  one-pound  prints  of  butter  shrink 
about  one-fourth  ounce  in  the  first  seven  days.  Ranch  butter  shrinks 
more  than  creamery  butter  and  two-pound  prints  shrink  less  in  pro- 
portion to  their  weight  than  one-pound  prints." 

The  conditions  that  were  studied,  and  the  ones  that  are  probably 
most  important,  are  in  the  following  Ust: 

1.  Effect  of  the  temperature  of  the  place  of  storage. 

2.  Effect  of  the  humidity  of  the  atmosphere. 

3.  Effect  of  the  length  of  time  in  storage. 

4.  Effect  of  the  weight  of  paper  used  for  wrapping. 

5.  Effect  of  packing  in  cartons,  dry  in  wrappers,  or  wet. 

6.  EflEect  of  storage  in  refrigerators  or  in  show  cases,  when  the  indi- 
vidual prints  are  set  on  shelves. 

In  all  cases  the  prints  were  weighed  on  scales  adjusted  to  read  to  thirty- 
seconds  of  an  ounce,  and  only  the  weights  of  individual  prints  were 
recorded.  The  figures  representing  weights  given  in  the  tables  of  this 
bulletin  are  expressed  in  thirty-seconds  of  an  ounce  above  or  below  one 
pound;  figures  representing  weights  below  one  pound  are  preceded  by  a 
minus  sign.  The  same  ten  prints  were  taken  from  the  box  and  weighed 
daily;  each  print  weighed  was  given  a  number,  and  its  position  in  the 
box  is  indicated  in  Figure  33. 


I 

6 

2 

7 

3 

8 

4 

9 

5 

10 

Upper  layer 


Lower  layer 


Pig.  33. —  Location  of  prints  in  box 

Effect  of  temperature  and  humidity  of  the  place  of  storage 
The  barometric  pressure  was  not  made  a  part  of  this  study,  since  it 
is  of  slight  importance.    The  temperature  and  the  hiunidity   of    the 

'  Prevert,  0.  B.    A  study  of  Idaho  batter,  with  ■ucsMtioiu  for  improvement.     Idaho  Agr.  B^  Sta. 
BuL  73:47.  sa.    x»za. 
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refrigerator  were  recorded  by  the  wet-and-dry-btdb  method.  In  Tables 
1,2,  and  3,  the  figures  for  these  two  conditions  are  averages  of  the  records 
for  twenty-four  hotu^: 

TABLE  I. —  Effect  op  a  Comparatively  High  Temperature  and  a  Com- 
paratively Low  Humidity  on  Loss  in  Weight  of  Print  Butter 


Temperature  of  storage 
room  (degxees  Paia- 
renheit) 

Humidity  of  storage 
room 

Ntmiber  of  days  in 
storage  room 


67 

67 

67 

67 

68 

69 

68 

68 

69 

77 

80 

80 

79 

74 

79 

80 

79 

80 

I 

a 

3 

4 

S 

6 

7 

8 

9 

Average  tem- 
perature 68 

Average  hu- 
midity 79 


Position 


ToUI  loss 


Nimi- 
ber 
of 

prints 


Weight* 


In 
thirty- 
seconds 
of  an 
ounce 


In 

decimals 

of  an 

ounce 


2.. 
3.. 
4.. 
S-. 
6.. 
7.. 
8.. 
9.. 


13 
13 
13 
13 
13 
13 
13 
13 
13 
13 


7.0 

SO 

3.0 

3.0 

6.0 

53 

3.0 

2.6 

6.0 

4.0 

2.0 

2.0 

3.5 

1.4 

1.0 

0.0 

7.0 

59 

2.0 

2.5 

6.0 

5-4 

3.7 

2.4 

i.o 

0.0 

0.0 

— 1.0 

-I.O 

— 1.0 

—1.6 

—2.0 

-1.0 

—1.4 

— 2.0 

—3.0 

4.0 

3.3 

2.2 

1-3 

3.9 

2.8 

1.3 

0.8 

2.4 

1.7- 

-2.6- 

I.O 
1.0 

-2.7- 
-3.7- 
-4.0- 


O.S 
1.0 
-OS 

-3.0 

0.0 

0.0 


-3 

-40 

-4 
o .  o  — I .  o  — 1 .  o  — ; 


—0.7 

— 2.0 

—2.5 

0.0 

—1.6 

—1.6 

— 1.0 

—2.4 

—3.0 

—4.0 

—5.0 

—SO 

— 1.0 

— 2.0 

— 2.0 

— o.s 

—1.7 

—3.0 

—4.0 

-4.5 

-6.0 

—so 

—6.0 

—6.0 

—4.0 

— s-s 

—6.0 

— 1.0 

—2.6 

—3.0 

— 2.1 

—3.3 

—3.8 

—3. 

—5. 

— 2. 
—3 
—6. 
—6. 
—7 
—3 


9.0 
8.8 
9.3 
9.0 
7.0 
SO 
6.0 
75 


.31 
.25 
.98 
.28 
29 
.28 
.22 
.16 
•  19 
.33 


Average  for  130  prints 


—0.4—1.4 


8.0 


.35 


♦  Weights  expressed  in  thirty-seconds  of  an  ounce  above  or  below  one  potmd. 

TABLE  2. —  Effect  of  a  Medium  High  Temperature  and  a  Medium  High 
Humidity  on  Loss  in  Weight  of  Print  Butter 


Temperature  of  stor- 
age room  (degrees 
Fahrenheit) 

Humidity  of  storage 
room 

Number  of  days  in 
storage  room 


59 

60 

60 

61 

59 

62 

63 

60 

63 

87 

88 

89 

88 

90 

89 

90 

86 

87 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Average  tem- 
perature 6z 

Average  hu- 
midity 88 


Position 


Total  loss 


Num- 
ber 
of 
prints 


Weight* 


In 
thirty- 
seconds 
of  an 
ounce 


In 
deci- 
mals 
of  an 
ounce 


2.. 
3.. 
4.. 
5. 
6., 
7. 
8. 
9. 
10. 


13 
13 
13 
13 
13 
13 
13 
13 
13 
13 


5.0 

3.0 

3.0 

.  2.0 

1.0 

0.5 

0.0 

— 1.0 

— 2.0 

1.3 

0.5 

0.0 

0.0 

—1.5 

—2.0 

—2.7 

—3.5 

—3  5 

Vo 

3.3 

3-4 

2.0 

0.5 

— o.S 

—1.6 

—2.3 

— 3.0 

7.0 

6.8 

6.0 

5-3 

4.3 

3.3 

2.3 

2.2 

10.4 

9.5 

9.0 

8.3 

7.0 

6.5 

5.5 

SO 

4.8 

10.3 

9.3 

9.0 

8.7 

7.5 

7.0 

6.5 

55 

5.0 

7.3 

6.3 

5.3 

4.7 

4.7 

4.7 

4.7 

4.0 

3.0 

2.0 

1.0 

0.0 

0.0 

— 1.0 

—1.6 

—2.3 

—3.0 

— 3.0 

s.s 

3.5 

4.0 

4.0 

3.0 

2.0 

1.8 

0.5 

1.0 

90 

8.0 

7.5 

7.3 

6.5 

5.5 

4.5 

35 

3.5 

6.3 

5.1 

4.7 

4.3 

3.3 

2.6 

2.0 

i.l 

0.8 

— 2 

—3 

—3 
2.0 
45 
4.3 
2.5 

—35 
o.S 
4.0 


7.0 

5.0 

7.4 

6.0 

5.9 

6 

4.8 

5.S 

SO 

SO 


.23 

.x6 
.23 
•  Id 
.18 
.19 
.IS 
.17 
.16 
.x6 


Average  for  130  prints 


o.S 


5.8 


.18 


*  Weights  expressed  in  thirty-seconds  of  an  ounce  above  or  below  one  pound. 
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TABLE  3.— Effect  of  a  Comparatively  Low  Temperature  and  a  High 
Humidity  on  Loss  in  Weight  of  Print  Butter 

Temperature    o 
MLoiheit).. 
Humidity    of 

f    stor- 
degrees 

SO 
W 

1 

49 

94 

s 

SO 

93 
8 

0 

48 
95 

TO 

Average  tem- 
perature 49 

Average  hu- 
midity 94 

storage 

Number    of    di 
storage  room. 

lys    in 

3 

3 

4 

6 

•» 

y 

Num- 
ber 
of 
prints 

Weight* 

Total  loss 

Position 

In 
thirty- 
seconds 
of  an 
otmce 

In 
deci- 

of  an 
ounce 

I 

A 

10. 0 
9.0 
6.0 
6.8 
SO 

10. 0 

It 

9.0 
a.o 

i 

6.0 
10. 0 

7.0 

4.6 

3.0 

8.0 
10.0 

7.0 
II. 0 

3.0 

4.0 

U 

3-3 
1.3 
7-0 
9.0 
6.0 
10. 0 
2.0 

9.0 

S.o 

i.t 

8.0 
7.0 
9.0 
0.0 

I.O 

4.0 
2.0 
2.0 
2.0 
3.0 
1.0 
IS 
0.0 
a.o 

.03 

2 

.13 

3 

.07 

4. , 

.07 

s 

.07 

S:.::::....:. 

.07 

7 

.03 

i:::. ::::.:.. 

•  OS 

9 

.00 

10 

.07 

Average  for  40  nrintji 

7.S 

7.0 

S.8 

S.8 

1.8 

.06 

1""^ 

*  Weights  expressed  in  thirty-seconds  of  an  ounce  above  or  below  one  pound. 

The  conditions  on  which  Table  i  is  based  are  like  those  that  may  be 
found  in  a  creamery  refrigerator  of  very  poor  type.  In  fact,  the  tem- 
perature conditions  are  little  better  than  room  temperature.  It  is  seen 
from  the  table  that  with  a|i  average  temperature  of  68^  P.  and  an 
average  humidity  of  79  per  cent,  the  average  shrinkage  on  a  one-pound* 
print  in  ten  days  was  8/32,  or  .25,  of  an  oimce.  This  is  less  than  the 
shortage  allowed  by  the  law  of  New  York  State,  quoted  on  page  587. 

The  figures  in  Table  2  represent  conditions  that  may  be  found  in 
a  creamery  refrigerator  of  medium  or  rather  poor  type.  With  an  average 
temperattire  of  61**  F.  and  an  average  humidity  of  88  per  cent,  the  shrink- 
age on  a  one-pound  print  in  ten  days  was  5.8/32,  or  ,18,  of  an  ounce.  The 
change  from  the  conditions  dealt  with  in  Table  i  to  those  dealt  with 
in  Table  2  represents  a  change  from  a  room  that  is  practically  normal 
to  one  that  is  slightly  damp. 

The  conditions  pointed  out  in  Table  3  are  those  that  may  be  expected 
in  a  creamery  refrigerator  of  a  better  type.  With  an  average  temperature 
of  49**  P.  and  an  average  humidity  of  94  per  cent,  the  shrinkage  on  a  one- 
pound  print  in  ten  days  was  only  1.8/32,  or  .06,  of  an  ounce.  In  this 
case,  however,  the  temperature  was  noticeably  low  (49**  P.)  and  the 
hdmidity  was  very  high  (94  per  cent). 

In  the  light   of   these    three   tables,  it   seems   evident  that  butter 
should  not  be  kept  for  any  great  length  of  time  in  the  average  small 
38 
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creamery  refrigerator.  This  statement  is  made  mider  the  assumption 
that  the  conditions  in  such  small  refrigerators  are  poorer  than  those 
represented  in  Table  3.  If  butter  is  kept  in  a  refrigerator  where  the 
conditions  are  as  poor  as  those  dealt  with  in  Tables  i  and  2,  the  shrinkage 
in  ten  days  will  be  nearly  as  much  as  the  shortage  allowed  by  law,  not 
to  mention  the  depreciation  in  quality. 

In  Figure  34  the  rate  of  shrinkage  imder  the  three  types  of  storage 
conditions  during  the  ten  days  is  shown  graphically.     It  is  seen  that  the 
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Fig.   34. — Rate  0}  shrinkage  under  the  three  refrigerating  conditions 

considered 

rate  of  shrinkage  is  practically  uniform  except  in  the  latter  part  of  the 
storage  period,  when  the  rate  becomes  somewhat  slower. 

The  great  importance  of  the  temperature  of  storage  places  and  the 
htunidity  of  the  atmosphere  is  graphically  represented  in  Figure  35.  The 
lower  curve  in  this  figure  shows  the  shrinkage  on  twenty-five  prints  that 
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were  set  on  shelves  in  a  room  with  an  average  temperature  of  70^  F.  and 
an  average  hixmidity  of  80  per  cent.  After  eight  days  these  prints  were 
transferred  to  a  room  with  an  average  temperature  of  65**  F.  and  an 
average  himiidity  of  87  per  cent,  and  were  kept  there  for  ten  days.  After 
the  change  to  better  conditions,  not  only  did  the  shrinkage  cease,  but 
the  prints  actually  gained  weight  for  several  days.  The  upper  curve 
shows  the  shrinkage  on  twenty-five  prints  that  were  placed  on  shelves 
for  eight  days  in  a  room  having  an  average  temperature  of  65**  F.  and 
an  average  himiidity  of  87  per  cent,  and  were  then  transferred  for  ten 
days  to  a  room  having  an  average  temperature  of  70**  F.  and  an  average 
humidity  of  80  per  cent.  After  the  change  to  poorer  conditions  the 
rate  of  evaporation  was  greatly  accelerated. 
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Pig.  35. — Curves  showing  the  abrupt  changes  in  rate  of  shrinkage  folhw- 
ing  changes  in  storage  conditions  on  the  eighth  day 

As  a  further  indication  of  the  importance  of  the  temperature  of  storage 
places  and  the  humidity  of  the  atmosphere,  it  is  shown  in  Tables  i  and  2 
that  the  average  shrinkage  of  the  prints  in  positions  i,  5,  6,  and  10  — 
those  that  were  most  exposed — was  greater  than  that  of  the  six  other 
prints;  while  the  average  shrinkage  of  prints  i,  5,  6,  and  10  shown  in 
Table  3  is  equal  to  that  of  the  six  others. 

Effect  of  length  of  time  in  storage 
Usually  print  butter  is  held  in  storage  for  only  a  few  days  or  a  few 
weeks,  so  that  these  studies  would  naturally  cover  a  short  storage  period. 
Results  of  experiments  on  this  point  are  shown  in  Table  4: 
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TABLE  4. —  Effect  of  Length  of  Time  in  Storage  on  Loss  in  Weigbt  of 

Print  Butter 


Temperature  of  storage  room  (degrees 
PaJhrenheit) 


Humidity  of  storage  room 

Number  of  days  in  storage  room .  .  . 


48 

94 

I 


48 

93 
24 


Average  temperature  48 
Average  humidity  94 


Position 


Ntmiber 

of 
prints 


Total  loss 


Weight* 


In  thirty- 
seconds  of 
an  ounce 


In 

decimals 

of  an  ounce 


I . 
2. 
3. 
4- 
5- 
6. 

7. 
8. 

9. 
10. 


16.0 
6.0 
4.0 
8.0 
6.0 

II. o 
6.0 
9.0 
9.0 
0.0 


13  o 
2.0 
2.0 
6.0 
2.0 

10. o 

50 

4.0 

8.0 

—30 


3.0 
4.0 
2.0 
2.0 
4.0 
1 .0 

I.O 

50 

1.0 

30 


09 
13 
07 
07 
13 

03 
03 
16 

03 
09 


Average  of  30  prints . 


7-5 


4  9 


2.6 


.08 


*  Weights  expressed  in  thirty-seconds  of  an  ounce  above  or  below  one  pound. 

The  table  shows  that  the  average  shrinkage  on  a  one-potind  print  fci 
twenty-four  days  under  good  refrigerating  conditions  for  a  creamery, 
was  2.6/32,  or  .08,  of  an  ounce,  which  is  less  than  1/32  of  an  ounce  more 
than  the  shrinkage  occurring  in  ten  days  under  essentially  the  same 
conditions.  This  seems  to  indicate  that  the  rate  of  shrinkage  becomes 
less  as  the  length  of  time  in  storage  increases.  It  is  seen  also  that  the 
average  shrinkage  on  a  one-pound  print  stored  for  twenty-four  days  where 
the  temperature  was  48**  F.  and  the  humidity  94  per  cent,  was  much  less 
than  it  was  during  ten  days  when  the  temperature  was  higher  and  the 
humidity  was  lower.  Another  point  to  be  noted  is  that  the  shrinkage 
under  these  conditions  was  5.4/32,  or  .17,  of  an  ounce  less  in  twenty-four 
days  than  the  average  amount  allowed  by  the  law  of  New  York  State. 
It  is  probable,  then,  that  the  butter  manufacturer  takes  no  risk  from 
shrinkage  during  the  time  when  the  butter  would  ordinarily  be  in  his 
possession,  provided  the  conditions  are  as  good  as  those  represented  in 
Table  4. 

Effect  of  weight  of  paper  used  for  wrapping 

It  has  been  generally  assumed  that  the  weight  of  paper  used  for 
wrapping  print  butter  has  a  marked  effect  on  the  degree  of  shrinkage. 
In  the  study  of  this  question  the  following  conditions  and  factors  were 
considered:  a  comparatively  high  temperature  with  a  comparatively  low 
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humidity;  a  medium  high  temperature  with  a  medium  high  humidity;  a 
comparatively  low  temperature  with  a  high  humidity;  length  of  time  ia 
storage;  storage  in  small  store  reJErigerators  or  show  cases.  The  length 
of  time  for  this  series  of  experiments  was  ten  days  to  two  weeks.  There 
were  ten  prints  in  each  box. 

TABLE  5. —  Effect  of  Weight  of  Paper  Used  for  Wrapping  on  Loss  in 
Weight  of  Print  Butter 


Average  shrinkage  on  ten  prints  (in  thirty-seconds 
of  an  ounce) 

Average  shrinkage  on  ten 
prints  (in  decimals  of  an  ounce) 

Weight  of  paper* 

20 

25 

30 

40 

50 

20 

25 

30 

40 

50 

Box 

Number 
of  prints 

I 

10 
10 

ID 
10 
10 
10 
10 
10 

5.7 

50 
3-8 
4.1 
17 
41 
6.8 
4.2 
2.9 

5.0 

6.9 
4.9 
5.6 

1' 

^^ 
8.7 
4.0 
3.8 

50 
3.5 
2.7 
1.6 

H 
7.6 

3.3 
4.1 

.18 
.07 
.11 
.07 

•14 
.21 
.18 
.13 

.16 

.18 
.15 
.17 
.11 
.20 
.27 
.13 
.12 

.22 

:!l 

.10 
.20 
.27 

.13 
.12 

,t6 

2 

2 

3 

2 

i 

5 

4 

4 
5 

I 

7 

1 

4 
5 
3 
6 
8 

4 
3 

7 

i 
t 

0 

8 

12 
13 
05 
13 
21 

13 
00 

IT 

% 

08 

4. 

05 
14 
24 
TO 

K 

e 

7 

8 

11 

■^ 

^ 

Average  for  80  prints. . . . 

4-4 

4.1 

5-3 

5.4 

4.1 

14 

•13 

•17 

.17 

.13 

*  The  quoted  weight  of  parchment  paper  for  wrapping  butter  is  the  weight  in  pounda  of  500  sheets 
34  by  36  inches  in  size,  which  will  cut,  with  some  waste,  into  4500  butter  wrappers  8  by  xi  inches. 


Apparently,  from  the  results  shown  in  Table  5,  the  weight  of  the  wrapper 
has  very  little  to  do  with  the  degree  of  shrinkage.  It  is  true  that  there 
are  slight  variations  in  the  amounts  recorded,  but  these  do  not  show  any 
relation  to  the  weights  of  wrappers.  The  degree  of  shrinkage  is  not  pro- 
portional to  the  weight  of  paper  used,  and,  moreover,  it  is  very  nearly 
the  same,  all  other  things  being  comparable,  no  matter  what  weight  of 
paper  is  used. 

Effect  of  different  methods  of  packing  —  in  cartons,  dry  in  wrappers,  or  wet 
Before  being  packed  for  shipment,  print  butter  is  commonly  treated  in 
one  of  three  ways:  it  is  either  placed  in  cartons,   left  in  the  wrappers 
without  treatment,  or  sprinkled  with  water. 

In  order  to  determine  the  relative  value  of  these  practices  so  far  as 
shrinkage  is  concerned,  the  following  experiments  were  conducted  :  Three 
fifty-pound  boxes  of  print  butter  were  taken  from  each  of  six  diflEerent 
chumings.  The  prints  in  the  first  of  the  three  boxes  were  wrapped  in 
ordinary  wrappers,  placed  in  cartons,  and  weighed;  those  in  the  second 
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box  were  wrapped  in  paper  only,  and  were  weighed;  those  in  the  third  box 
were  wrapped  in  paper,  weighed,  and  sprinkled  with  water.  The  butter 
was  then  stored  for  ten  days  in  a  room  representing  good  refrigerating 
conditions  for  a  creamery  (temperature  49**  P.,  humidity  94  per  cent). 
The  results  are  recorded  in  Table  6 : 

TABLE  6. —  Effect  of  Different  Methods  op  Packing  on  Loss  in  Weight 

OF  Print  Butter 


Tempex  attire  of 
storage  room 

(degrees 
Fahrenheit) 


Humidity  of 
storage  room 


Number  of  days 
in  storage  room 


Position 


Num- 
ber of 
prints 


49 


94 


49 


94 


First  day 


Third  day 


49 


94 


Sixth  day 


94 


Tenth  day 


Loss 


t        t 


I 

3 

3 

4 

S 

6 

7 

8 

9 

10 

Average 

prints 


IX. o 

9.0 
18.0 
16.0 
17 

13. 0 
18 

13. 0 

33 

13.0 


7 

SO 

8 

7.0 
-4.0 
18.0 

0.0 
I.O 


19.0 
8.0 
iS-o 
ISO 
iS.o 
8.0 
3.0 
S.o 


10. o  6.0 
8.0  3.0 
16.0  6.0 
14.0,  6.0 
16.  ol — S-o 

13. 0|    13.0 

18.01 — : 
II. o      0.0 


10. o[  21.0 


12.0 
3.0 


for      60 


14.7 


10.7 


13.7 


4.2 


16 
SO 
14 

13. 0 
13.0 
8.0 
3.0 
4.0 
13. 0 
9.0 


9.0 

8.0 
16.0 
13.0 
16.0 

9.0 
18 
10. o 

21. 0 

10. 0 


ISO 

4.0 

13.0 
II. O 
II. O 
8.0 
1.0 

3 

10. o 
8.0 


9.0 
8 
ISO 

13 
IS.O 

8.0 
16.0 
9.0 

21.0 
10. 0 


5.0 

3 

4.0 

4.0 
-7.0 
II. O 

—3 

3.0 

9.0 
3.0 


14.0 

4 

XI. O 
II. O 
10 
6.0 
— X.0| 

3.0I 

9.0 
8.0 
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*  Average  weight  (in  thirty-seconds  of  an  ounce  above  or  below  one  pound)  of  the  six  prints  in  each 
position  on  t\^e  first,  third,  sixth,  and  tenth  days  when  wrapped  in  paper  and  packed  in  cartons. 

t  Average  weight  (in  thirty-seconds  of  an  ounce  above  or  below  one  pound)  of  the  six  prints  in  each 
position  on  the  first,  third,  suth,  and  tenth  days  when  wrapped  in  paper. 

X  Average  weicht  (in  thirty-seconds  of  an  ounce  above  or  oelow  one  pound)  of  the  six  prints  in  each 
position  on  the  &st,  third,  sixth,  and  tenth  days  when  wrapped  in  paper  and  sprinkled  with  water. 

According  to.  Table  6,  the  average  shrinkage  on  a  one-pound  print  of 
butter  packed  in  a  carton  was  found  to  be  2.4/32,  or  .075,  of  an  ounce; 
the  shrinkage  on  a  pound  of  butter  packed  dry  was  found  to  be  3.7/32, 
or  ,116,  of  an  ounce;  the  shrinkage  when  the  butter  was  sprinkled  with 
water  was  3.3/32,  or  .103,  of  an  ounce.  The  results  of  these  experiments 
indicate  that  sprinkling  the  prints  with  water  just  after  packing  them  in 
boxes  has  very  little  effect  in  preventing  shrinkage,  while  packing  the 
prints  in  cartons  tends  to  decrease  the  shrinkage  considerably. 

Effect  of  keeping  butter  on  shelves  during  storage 
A  large  proportion  of  print  butter  lies  on  the  shelf  for  a  certain  length 
of  time.  Therefore  a  study  was  made  of  the  evaporation  taking  place 
during  this  part  of  the  process  of  marketing  butter.  In  this  experiment 
fifty  prints  were  placed  on  shelves  in  the  refrigerator  of  the  departmental 
salesroom,  in  piles  of  ten.    The  results  are  shown  in  Table  7  : 
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Two  Factors  Causing  Variation  in  Weight  of  Print  Butter      599 
TABLE  7. —  Effect  of  Storage  in  Small  Store  Refrigerators  or  Show 


:  7.—  E 
Cases, 


When  the  Individual  Prints  are  Set  on  Shelves 


Days 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total 
loss 

Weights* 

14.4 

12.0 

II. 2 

8.8 

7.4 

7.0 

*  Average  weight  of  fifty  prints  on  the  days  noted,  expressed  in  thirty-seconds  of  an  ounce  above  or 
below  one  pound. 

It  is  seen  from  this  table  that  the  average  shrinks^e  in  ten  days  under 
such  conditions  as  are  often  found  in  show  cases  and  small  refrigerators 
of  the  store  type,  is  practically  as  'much  as  the  law  permits.  If  the 
butter  is  held  no  longer  than  three  or  four  days,  however,  it  seems  that 
the  loss  is  not  likely  to  approach  the  limit  set  by  law. 

summary 

1.  The  variation  of  pore  space,  which  ranges  from  .5  of  i  per  cent  to 
over  6  per  cent  in  freshly  made  butter,  is  important  in  the  printing  process. 

2.  Print  butter  gradually  loses  weight  in  storage. 

3.  The  rate  of  loss  depends  principally  on' the  temperature  and  himudity 
of  the  storage  room. 

4.  If  the  temperature  is  kept  down  to  50**  F.  and  the  humidity  is  kept 
above  90  per  cent,  at  least  a  month,  and  perhaps  much  longer,  will  be 
required  for  the  shrinkage  to  approximate  the  limit  set  by  law,  provided 
the  prints  are  packed  in  boxes. 

5.  If  the  temperature  is  60°  F.  or  above,  and  the  himiidity  is  85  per 
cent  or  below,  the  shrinkage  will  approximate  the  limit  set  by  law  in  a 
space  of  ten  da3rs  to  two  weeks,  even  if  the  prints  are  packed  in  boxes. 

6.  The  degree  of  shrinkage  is  not  inversely  proportional  to  the  weight 
of  the  wrapper  used,  as  is  generally  supposed. 

7.  The  degree  of  shrinkage  decreases  to  a  considerable  extent  when 
the  prints  are  placed  in  cartons.  The  other  two  methods  of  packing,  how- 
ever —  leaving  the  prints  dry  after  placing  them  in  boxes,  or  sprinkling 
them  with  water  —  produce  about  the  same  effect  on  the  degree  of 
shrinkage. 

8.  In  the  average  small  store  refrigerator,  the  loss  will  approximate  the 
limit  set  by  law  in  a  space  of  ten  da5rs  when  the  prints  are  piled  loosely 
on  shelves. 

Submitted  for  publication  Det^mber  3,  1914. 
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THE  CONTROL  OF  APPLE  INSECTS  IN  CLINTON  COUNTY 

C.  R.  Crosby  and  A.  J.  Mix 

It  is  the  purpose  of  the  writers  to  discuss  in  this  bulletin  the  insects 
that  cause  greatest  injury  to  apples  in  Clinton  County.  Four  years  ^o, 
when  the  writers  first  took  up  the  study  of  the  insect  problems  of  that 
section,  they  were  immediately  convinced  that  owing  to  location  and 
dimate  it  would  be  necessary  to  modify  the  system  of  spraying  usually 
employed  in  western  New  York,  to  fit  local  conditions.  Although  this 
bulletin  is  primarily  intended  to  give  practical  directions  for  the  control 
of  orchard  insects,  nevertheless  it  is  considered  advisable  to  state  the 
fundamental  facts  in  the  life  history  of  each  insect  in  order  that  there 
may  be  an  intelligent  imderstanding  of  the  reasons  for  each  operation. 
Conditions  vary  so  greatly  from  season  to  season  that  it  is  impossible 
to  devise  any  set  of  spraying  rules  to  be  followed  blindly;  the  grower 
should  become  familiar  with  the  insect  enemies  of  his  orchard,  so  that  he 
may  adapt  his  spraying  operations  to  the  peculiar  needs  of  the  season. 
The  junior  author  has  spent  the  last  two  seasons  in  Clinton  County, 
studying  the  problems  that  confront  the  fruit  grower  in  the  control  of 
insect  pests  and  plant-  diseases.  This  work  was  made  possible  by  the 
establishment -of  an  industrial  fellowship  in  the  New  York  State  College 
of  Agriculture  by  the  Champlain  Valley  Fruit  Growers'  Association. 

CODLING  MOTH  (Carpocapsa  pomonella  Linnaeus) 
The  codling-moth  caterpillar  is  the  insect  that  causes  the  great  propor- 
tion of  wormy  apples,  and  it  is  the  most  serious  insect  pest  with  which 
fruit  growers  in  northern  New  York  have  to  contend.  In  unsprayed 
orchards  it  causes  a  loss  of  twenty-five  to  fifty  per  cent  of  the  crop. 
According  to  the  census  of  19 lo,  there  were  24,564  barrels  of  apples  raised 
in  Clinton  County.  Assuming  that  one-fourth  of  the  crop  was  destroyed 
by  the  codling  moth,  the  production  that  year  should  have  been  32,752 
barrels;  thus  the  loss  was  8188  barrels.  Estimating  the  value  of  these 
apples  at  one  dollar  a  barrel,  the  loss  would  be  $8188.  According  to  the 
same  census  there  were  147,313  bearing  trees  in  Clinton  County.  It  is 
estimated  that  twenty  per  cent  of  these  trees  are  sprayed  at  least  once 
for  the  codling  moth.  The  cost  of  this  work  is  not  far  from  ten  cents  a 
tree,  or  $2946.20.  The  stmi  of  the  loss  of  the  fruit  and  the  cost  of 
spraying  necessitated  by  the  codling  moth  is  $11,134,  which  represents 
the  annual  tax  levied  on  Clinton  County  by  this  insect. 
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Fig.  36. —  PupcB  of  codling  moth,  in  their  cocoons.     Enlarged 


The  codling  moth  passes   the  winter   as   a   full-grown   caterpillar   in 

a    slight    silken 

cocoon,  under 
flakes  of  bark 
and  in  crevices 
on  the  trunk 
and  the  larger 
branches  of 
trees.  With  the 
advent  of  warm 
weather  in  the 
spring,  the  cater- 
pillar transforms 
inside  its  cocoon 

to  a  brownish  pupa  about  one-half  inch  in  length  (Fig.  36).   In  a  little  less 

than  a  month  the  mature  insect,  or 
moth,  emerges.  The  moth  (Fig.  37) 
has  an  expanse  of  about  three- 
fourths  of  an  inch.  The  front  wings 
have  the  general  appearance  of 
watered  silk,  and  are  marked  near 
the  tip  with  a  Hght  brown  spot 
bounded  on  the  inside' by  a  chocolate 
band.  The  moths  are  rarely  seen 
in  the  orchard,  for  their  dull  colors 
harmonize  perfectly  with  the  gray 
bark  of  the  branches  on  which  they 
rest  during  the  daytime.  They  fly 
mostly  in  the  dusk  of  the  evening. 
The  moths  continue  to  emerge 
during  a  period  of  several  weeks,  but  the 
greatest  niunber  appear  about  two  weeks 
after  the  petals  fall.  If  the  weather  is  warm 
the  moths  begin  to  lay  eggs  in  four  or  five 
days;  but  if  the  weather  is  cool  or  stormy, 
egg  laying  may  be  deferred  for  a  considerable 
period.  The  female  moth  deposits  her  flat, 
disk-shaped,  scale-like  eggs,  about  one-twenty- 
fifth  inch  in  diameter,  on  the  leaves  and  skin 
of  the  fruit,  not  in  the  blossom  end  of  the 
apple  (Fig.  38).  As  the  moths  emerge  dining 
a  considerable  period,  egg  laying  also  con- 
tinues  for  several  weeks,  but  the  greater  part  of  the  eggs  are  laid 


PiG-  37' — Codling  moth,  enlarged 


Fig.    38. —  Codling-moth   egg, 
greatly  enlarged 
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about  three  weeks  after  the  petals  fall.  The  eggs  hatch  in  a  week 
or  ten  days.  On  hatching,  the  young  caterpillar,  which  is  about  one- 
sixteenth  inch  in  length,  may  feed  slightly 
on  the  foliage  before  reaching  the  fruit. 

Most  of  the  caterpillars  enter  the  fruit  at 
the  blossom  end.  A  few  enter  at  the  stem 
end  or  at  the  side,  where  two  fruits  touch. 
Most  of  them  enter  the  fruit  about  three 
weeks  after  the  petals  fall.  The  caterpillar 
burrows  directly  to  the  core,  devours  the 
seeds,  and,  when  nearly  full-grown,  tunnels 
out  to  the  surface,  usually  at  the  side  of  the 
apple,  leaving  its  burrow  practically  filled 
with  a  mass  of  excrement  (Fig.  39).  The 
time  spent  by  the  caterpillar  in  the  apple  averages  about  one 
month. 

When  full-grown,  the  caterpillar  leaves  the  apple,  crawls  to  the  trunk 
or  the  larger  branches,  and  there  in  some  protected  crevice  forms  a  silken 
cocoon.     Observations  of  the  last  two  years  in  Clinton  County  indicate 


Fig.  "39. —  FuU'groum  codling- 
moth  caterpillar  in  its  burrow 
in  an  apple 


Fig.  40. —  Two  apples  in  perfect 
condition  for  spraying.  The 
petals  have  just  fallen.  Note 
that  the  calyx  lobes  are  widely 
spread 


Fig.  41. — Too  late  to  spray  effect- 
ively. Note  that  the  calyx  lobes 
are  nearly  together. 

^ii  of  coding  moth  on  young 
apple 


that  as  a  rule  these  caterpillars  do  not  transform  to  moths  until  the  follow- 
ing spring,  and  that  the  second  brood  of  caterpillars  is  therefore  unim- 
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portant  in  that  region.  In  western  New  York,  however,  some  of.  the 
caterpillars  spinning  cocoons  before  the  first  of  August  may  transform 
in  the  same  season,  thus  producing  a  second  brood  of  moths. 

Mean"!  of  control 
The  most  important  spray  for  the  control  of  the  codling  moth  should  be 
applied  just  as  the  last  of  the  petals  are  falling.     This  spray  consists  of 
6  pounds  of  arsenate  of  lead,  2J  gallons  of  lime-sulfur,  and  water  to  make 


o» 


r-^-^ 


Fig.  42. —  Working  drawing  of  a  cheap  but  serviceable  spraying  tower 

100  gallons.  The  lime-sulfur  hats  no  effect  on  the  codling  moth,  but  is 
used  for  the  control  of  apple  scab.  At  this  time  the  calyx  lobes  at  the 
blossom  end  of  the  apple  are  expanded  (Fig.  40),  and  it  is  possible  to 
drive  the  poison  down  into  the  calyx  cavity.  In  a  few  days  the  calyx 
lobes  close  over  this  cavity  and  this  prevents  the  washing  away  of  the 
poison  by  rain  (Fig.  41).  The  majority  of  the  yoimg  caterpillars  enter 
the  fruit  by  the  blossom  end,  and  will  be  poisoned  in  the  calyx  cavity 
before  they  can  injure  the  fruit. 

In  order  to  be  effective  it  is  important  that  the  spray  be  directed  down- 
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Fig.  43. —  An  angle  nozzle  attached  to  a  bamboo 
extension  rod 


ward  into  the  ends  of  the  young  apples,  and  that  sufficient  force  be  used 
to  drive  it  into  the  calyx  cavity.  Good  results  cannot  be  obtained  by 
spraying  from  the  ground,  or, 
in  the  case  of  large  trees,  by  a 
man  standing  in  a  wagon  box. 
A  tower  should  be  used,  high 
enough  so  that  by  the  use  of 
an  extension  rod  and  an  angle 
nozzle  it  will  be  possible  to 
reach  out  over  the  tree  and  direct  the  spray  downward  into  the  ends  of 
the  young  fruits.  Spraying  upward  into  a  tree  and  letting  the  spray 
fall  down  into  the  top  is  a  waste  of  time  and  material  as  far  as  control 
of  codling  moth  is  concerned.  Spraying  so  that  a  cluster  is  hit  on  the 
side  instead  of  at  the  end  is  ineffectual,  since  the  force  of  the  spray  pushes 
the  cluster  over  and  no  material  enters  the  calyx  cavity.  The  young 
apples  that  hang  so  that  they  are  hit  squarely  in  the  end  by  a  sidewise 

spray  are  the  ones  that  fall  later;  it  is 

^j/M  the    center    apples    of    a    cluster    that 

^^^^H  develop  to  maturity. 

^^^^^^PP     A  satisfactory  inexpensive  tower,  which 

J^^^^T         can     be    easily    built    from    materials 

^^^^^^F^  usually  fotmd  around  the  farm,  is  shown 

^KSH^flf^^^^  in  Figure  42.     The  front  and  rear  posts 

^^^B^flPr  and  saddle  rails   are  made  of   2X4-inch 

^^^^^^M  material;    the     footboards     should     be 

^^P^^^^L  iXQ-inch   oak   boards;  the  supports  for 

^^BP  the  footboards  and  the  side    and    end 

^■^P^  braces  may  be  inch  boards  of  any  descrip- 

^^^^k  tion.     The  bottom  crosspieces  are  prefer- 

^^^^^  ably  made    of    3X4-inch    material,    but 

g^/[  2X4-inch  pieces  may  be  used  if  necessary. 

The  dimensions  of  the  tower  are  given 

in  the  accompanying  figure  and  may  be 

varied  to  meet  individual   requirements. 

Such  a  tower  can  be  chained  into  a  wagon 

box  or  fastened  to  the  top  of  the  spray 

tank  and  removed  when  not  in  use.     It 

is  easy  to  ride;  the  rail  is  gripped  by  the 

operator's  knees,  leaving  the  hands  free 

for  spraying.    Wherever  it  has  been  used  it  has  given  entire  satisfaction. 

The  best  type  of  angle  nozzle  to  use  is  one  in  which  the  bend  is  in  the 

nozzle  itself,  not  in  the  pipe  back  of  the  nozzle  (Fig.  43) ;  in  such  an  arrange- 


PiG.  44. —  An  angle  double-ball 
shut-off  attached  to  the  base  of 
an  extension  rod  and  connected 
with  a  hose  leading  to  the  pump. 
This  tyfe  of  shut-off  wUl  not 
leak,  and  is  very  easily  turned  on 
and  off.  The  hose  is  attached  at 
an  angle,  and  therefore  does  not 
kink  nor  break;  also,  the  rod  is 
easy  to  hold 
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ment  as  the  latter,  the  pipe  catches  on  the  branches  and  this  interferes 
with  rapid  work.  The  nozzle  should  be  attached  to  the  end  of  a  lo-foot 
bamboo  extension  rod,  which  is  provided  with  a  shut-off.  A  very  con- 
venient type  of  shut-off  is  the  angle  double-ball  shut-off  shown  in  Figtire 
44.  This  may  be  closed  or  opened  by  merely  pressing  with  the  thtimb, 
and  does  not  leak  when  closed  —  a  common  fault  of  most  shut-offs. 

The  second  application  is  made  three  weeks  after  the  petals  have  fallen, 
because  at  that  time  the  codling-moth  caterpillars  are  beginning  to  hatch 
and  to  enter  the  fruit. 


APPLE  MAGGOT  (Rhagoletts  pomonella  Walsh) 
In  Clinton  County  the  apple  maggot  is  frequently  known  as  the  rail- 
road worm.     It  is  especially  destructive  to  Tolman,  Fameuse,  and  Mcin- 
tosh   apples.      The    small    white 

maggots  tunnel  through  the  flesh 

of  the  fruits,  rendering  them  unfit 

for    food,    and   often    cause    the 

growers  serious  financial  loss. 
The    parent    flies    are    slightly 

smaller   than  ,the   house  fly  and 

have  the  wings  crossed  by  three 

dark  bands  (Fig.   45).     The  flies 

appear  in  the  latter  part  of  June 

or  the  first  of  July,  and  may  be 

seen    resting    on    the    fruit    and 

foliage.     Their    mouth    parts    are 


DRAWN  BY  M.  D.  LEONARD 


Fig.  45. —  Female  apple  maggot  fly 


adapted    for   lapping   fluids.     They 

feed  on  drops  of  moisture  and  on  the  bloom  of  the  fruit,  which  they 
first  dissolve  with  a  drop  of  saliva.  After  feeding 
for  two  or  three  weeks  the  female  begins  lajnng, 
which  is  continued  throughout  the  summer.  She 
inserts  her  minute  white  eggs  in  the  flesh  of  the 
apple  through  a  puncture  in  the  skin  (Fig.  46). 
The  eggs  hatch  in  from  two  to  six  days  and  the 
larvaj  burrow  through  the  flesh  of  the  fruit  (Fig.  47). 
If  the  flesh  is  hard  the  maggots  grow  very  slowly 
and  are  difficult  to  find  before  the  fruit  begins  to 
ripen  or  to  soften  from  decay. 

When  ftdl-grown  the  maggot  (Fig.  48)  emerges 
from  the  fruit  through  a  ragged  hole  in  the  skin, 
burrows  into  the  ground  an  inch  or  so,  and  there 

within  the  thickened  and  hardened  skin,  known  as  the  puparium  (Fig. 

49),  transforms  to  a  delicate  whitish  pupa,  in  which  condition  the  insect 

remains  until  the  following  spring. 


Fig.  46. — Egg  of  apple 
maggot  inserted  in 
the  flesh  of  an  apple 
just  beneath  the  skin. 
Greatly  enlarged 


Digitized  by  VjOOQ IC 


The  Control  op  Apple  Insects  in  Clinton  County        609 

Means  of  control 

In  orchards  that  have  been  seriously  infested  in  previous  years,  two 
or  three  applications  of   sweetened   arsenate   of  lead  should  be  made 


Fig.  47. —  Apples  infested  by  apple  maggots ^  cut  open  in  order  to  show  decaying 

interior 

at  intervals  of  two  weeks,  beginning  about  the  first  of  July.  In  orchards 
that  have  not  been  previously  infested,  special  applications  of  sweetened 
spray  are  unnecessary.  In  well-ctdtivated  orchards,  where  conditions 
are  unfavorable  for  hibernation  of  the  puparia,  the  pest  is  ordinarily 
held  in  check  by  the  regular  system  of  spraying  in  use  for  the  control  of 


Pig.  48. —  Lateral  and  dorsal  view  of 
fuU-grown  apple  maggots 


Fig.  49. —  Puparium  of  apple  maggot, 
enlarged.  Natural  size  shown  in  upper 
right  comer 


the  codling  moth,  the  last  application  being  made  three  weeks  after  the 
petals  fall.  The  sweetened  spray  is  much  less  adhesive  than  the  unsweetened 
39 
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spray,  and  when  it  is  used  it  is  necessary  to  repeat  the  application  after 
each  rain.     The  formula  most  commonly  used  for  the  sweetened  spray  is : 

Arsenate  of  lead 6  pounds 

Molasses 2  gallons 

Water 100  gallons 

In  applying  the  sweetened  mixture  it  is  not  necessary  to  spray  with  the 
same  care  as  in  applying  the  other  sprays,  because  in  this  case  the  material 
is  used  as  a  bait.     The  flies  are  attracted  to  it  from  other  parts  of  the  tree. 

GREEN  FRUIT- WORMS  ( Xylifia  antennata  Walker,  and  other  species) 
Green  fruit-worms  are  large,  greenish,  light-striped  caterpillars,  one  to 
one  and  one-half  inches  in  length,  and  in  some  years  are  very  destructive  to 

apples  and  other  fruits.  Outbreaks  oc- 
cur at  intervals  of  several  years,  during 
which  the  pest  is  almost  imknown.  The 
pest  has  been  especially  destructive  in 
Clinton  County  during  19 13  and  19 14. 

The  mottled  gray  moths  (Fig.  50) 
appear  in  the  orchard  early  in  the 
sprang,  in  March  or  April,  and  deposit 
their  eggs  singly  on  the  branches  of 
as  the  buds  are  opening;   the  young 


Fig.  50. —  Moth  of  green  fruit-worm 


the  trees.  The  eggs  hatch  just 
caterpillars  feed  on  the  open- 
ing leaves  and  become  about 
half-grown  when  the  fruit 
sets.  They  do  not  burrow 
into  the  fruit,  but  eat  out 
large  cavities ,  sometinies 
devouring  nearly  the  whole 
apple  (Fig.  51).  When  the 
fruit  is  not  too  badly  injured, 
the  wound  heals  over,  leaving 
a  large,  rough,  corky  scar. 
The  caterpillars  become  full- 
grown  about  the  middle  of 
Jtme.  They  descend  to  the 
ground,  and  a  few  inches  be- 
low the  surface  transform  to 
brownish  pupae  in  earthen  cells 
which  are  usually  lined  with 
a  slight  silken  cocoon.  Most  of  the  moths  emerge  in  September  and  hiber- 
nate in  sheltered  places,  but  a  few  do  not  emerge  until  the  following  spring. 


Fig. 


51. —  Green  fruit-worms  feeding  on  young 
apples 
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Fig.  52. —  Beetle  of  plum 
curculio.     Enlarged 


Means  of  control 
By  the  time  the  caterpillars  attack  the  young  fruits  they  are  nearly 
full-grown,  and  it  is  then  too  late  to  kill  them 
with  poison  sprays.  Caterpillars  of  this  size  are 
very  resistant  to  poisons,  and  furthermore  the 
greater  part  of  their  food  consists  of  the  flesh  of 
the  fruit,  which  it  is  impossible  to  poison.  Effec- 
tive work  can  be  done,  however,  by  very  thorough 
applications  of  arsenate  of  lead,  6  to  8  poimds 
to  100  gallons  of  spray  solution,  made  just  before 
the  blossom  cluster  separates.     Success  in  fighting  green   fruit-worms 

cannot  be  expected  unless  the  work  is 
done  with  great  thoroughness. 

plum  curculio  {Conotrachelt4S  nenu- 
phar Herbst) 
In  some  orchards  the  fruit  is  likely 
to  be  badly  scarred  by  the  feeding  and 
egg-laying  punctures  of  the  plum  cur- 
culio (Figs.  52  and  53).  This  injury  is 
always  severest  in  neglected  orchards. 
The  curculios  hibernate  in  hedges, 
stone  walls,  and  stone  piles,  and  the 
first  step  in  their  control  is  the  elimina- 
tion of  such  shelters.  A  rank  growth 
of  grass  or  weeds  in  an  orchard  also 

tends  to  increase  injury  from  curculio.     Well-cultivated  orchards  are 

less  subject  to  attack.     Curculio  injury  is  also 

greater  in  trees  with  bushy,  unpruned  tops. 
Under  favorable  conditions,  where  the  trees 

are   properly    pruned    and    the  orchards   are 

well  cultivated,  and  where  stone  walls,  stone 

piles,  and  hedgerows  are  not  allowed  in  the 

vicinity  of  the  orchard,  the  plum  curculio  can 

be  controlled  by  the  regular  system  of  spray- 
ing employed  for  the  control  of  the  codling 

moth. 


PHOTOGRAPH   BY   H.    H.    KNIGHT 


Fig.  53.' — Apple  scarred  by  egg-laying 
punctures  of  the  plum  curculio 


Pig.  54. —  Apple  injured  by 
a  bud-moth  caterpillar  in 
late  summer 


BUD  MOTH  {Tmetocera  ocellana  Schiffermuller) 
The  bud  moth  is  a  common  and  trouble- 
some pest  in  Clinton  County  orchards.     The  small,  brown,  black-headed, 
half-grown  caterpillars  hibernate  in  obscure  bark-colored  cocoons  hidden 
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away  in  the  angles  of  the  apple  twigs.  The  caterpillars  leave  their 
winter  quarters  just  as  the  buds  are  bursting,  burrow  into  the  opening 
buds,  and  feed  on  the  expanding  leaves.  They  often  web  two  or  three 
leaves  together,  and  often  include  several  blos$oms  in  the  nest  thus 
formed.  They  may  therefore  nip  in  the  bud  a  considerable  part  of  the 
future  crop.  When  full-grown  the  caterpillars  pupate  in  this  nest  of 
webbed  leaves,  and  the  moths  emerge  during  Jime  and  the  first  part  of 
July  and  deposit  their  eggs  in  small  dusters  on  the  leaves.  The  eggs 
hatch  in  a  week  or  ten  days,  and  the  young  caterpillars  feed  on  the 
imderside  of  the  leaves  in  a  small  silken  tube  open  at  both  ends.  When 
a  leaf  touches  an  apple  the  caterpillars  often  make  a  number  of  small 
holes  in  the  surface  of  the  fruit,  thus  causing  blemishes  which  may  greatly 


^G*  55- —  Full-grown  apple  tent-caUrpiUars 

decrease  the  value  of  the  crgp  (Fig.  54).  The  caterpillars  become 
about  half-grown  by  the  end  of  the  season,  and  go  into  winter  quarters 
in  little  cocoons  on  the  branches. 

Means  of  control 
Experiments  have  shown  that  it  is  not  practicable  to  destroy  the  cater- 
pillars in  their  winter  quarters  by  dormant  sprays.  Effective  work  against 
this  insect  can  be  done,  however,  by  thorough  application  of  arsenate  of 
lead,  6  pounds  to  100  gallons  of  water  or  dilute  lime-sulfur,  when  the 
blossoms  show  pink.  This  coincides  with  the  first  application  for  the 
control  of  apple  scab.  This  one  spraying,  alone,  will  not  kill  all  the  cater- 
pillars, but  if  made  in  conjunction  with  the  regular  system  of  spraying 
for  the  codling  moth,  and  continued  over  a  period  of  several  years,  it  will 
so  reduce  their  number  as  to  render  them  a  negligible  factor  in  the  orchard. 
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APPLE-TREE  TENT-CATERPILLAR  {Malocosoma  amertcana  Fabricius) 

During  the  past  two  years  the  orchards  in  Clinton  County  have  been 
devastated  by  tent  caterpillars  belonging  to  this  and  the  following  species. 
The  apple-tree  tent-caterpillars  can  be  distinguished  from  the  forest 
tent-caterpillars  by  the  continuous  light  stripe  down  the  back,  instead  of  a 
row  of  wedge-shaped  spots  (Fig.  55). 

The  apple-tree  tent-caterpillar  feeds  on  apple,  wild  cherry,  witch- 
hazel,  beech,  birch,  barberry,  oak,  willow,  and  poplaf,  but  it  breeds 
most  abundantly  on  wild  cherry.  The  winter  is  passed  in  the  egg 
stage.  The  eggs  are  deposited  in  masses  of  three  to  four  hundred, 
usually  encircling  a  twig  as  a  broad  band  (Fig.  56).  Each  mass. is 
protected  by  a  brownish,  gluey  froth.  The 
eggs  hatch  in  the  spring,  just  as  the  buds 
begin  to  show  green.  The  caterpillars  from 
each  egg  mass  live  in  colonies,  forming  large, 
unsightly  silken  nests  on  the  branches.  In 
some  cases  caterpillars  from  two  or  more  egg 
masses  unite  to  form  a  single  nest.  When 
the  caterpillars  are  abundant  they  often  de- 
foliate the  trees,  and  thus  not  only  destroy 
the  crop  of  the  season  but  so  weaken  the  tree 
that  it  is  unable  to  set  fruit  buds  for  the  follow- 
ing year. 

The  caterpillars  become  full-grown  about  the 

first  of  June  and  spin  white  silken  cocoons  under     ^^-  5^T  ^^^/^ff^  ^f 

.  ,^  rw^  ,  .  apple  tent-caUrptllar 

any  convement  shelter.     The  moths  emerge  m 

about  three  weeks  and  lay  their  eggs  in  July.     There  is  only  one  genera- 
tion a  year. 

Means  of  control 

Care  should  be  taken,  when  trimming  the  orchard,  to  cut  out  and  bum 
all  twigs  bearing  egg  masses.  If  these  are  thrown  on  the  ground,  as  is 
often  done,  the  eggs  will  later  hatch  and  the  caterpillars  may  find  their 
way  to  the  trees.  On  small  trees  it  is  practicable  to  rub  out  the  nests 
with  the  hands,  using  an  old  pair  of  gloves,  when  the  nests  are  very  small. 
Burning  out  the  nests  with  a  torch,  another  common  practice,  is  injurious 
to  the  tree;  the  common  apple-tree  cankers  often  develop  in  spots  scorched 
by  the  torch.  In  commercial  orchards  the  caterpillars  may  be  satis- 
factorily controlled  by  early  spraying.  In  the  past  two  years  in  Clinton 
Coimty,  it  has  been  found  that  the  dormant  lime-sulfur  spray  as  applied 
for  oyster-shell  scale,  if  made  when  the  bud  tips  show  green,  will  kill 
nearly  all  the  yoimg  caterpillars.     When  this  spraying  is  omitted,  the 
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second  spraying,  with  arsenate  of  lekd,  made  just  as  the  blossonis  show 
pink,  is  very  effective.  Later  spraj^ngs  are  ineffective,  since  it  is  very 
difficult  to  poison  the  caterpillars  when  they  are  large. 

FOREST  TENT-CATERPILLAR  {Molocosoma  disstfta  Hubncr) 
For  the  last  two  years  the  forest  tent-caterpillar  (Fig.  57)  has  been 
abundant  throughout  Clinton  County,  more  especially  so  from  Platts- 
burg  northward.     Many  neglected  orchards  are  in  a  dying  condition  from 

the  attacks  of  this  insect.  The 
forest  tent-caterpillar  is  natu- 
rally a  forest  insect,  its  favorite 
food  plant  being  the  maple; 
but  it  attacks  also  apple,  plum, 
cherry,  and  pear.  Its  life  his- 
tory is  very  similar  to  that  of 
the  apple-tree  tent-caterpillar, 
but  the  caterpillars  do  not  form 
silken  nests,  and  most  of  the 
cocoons  are  foimd  in  curled 
leaves  on  the  trees. 

This  insect  may  be  controlled 
on  apple  trees  by  the  means 
suggested  for  the  apple-tree 
tent-caterpillar,  with  the  ob- 
vious exception  of  wiping  out 
the  nests. 

OYSTER-SHELL     SCALE     {Lepido- 

saphes  ulmi  Linnaeus) 
•  The  oyster-shell  scale  is  the 
only  important  scale  insect 
found  in  the  orchards  of  Clin- 
ton County.  It  is  most  injurious  to  young  trees,  stimting,  and  in  extreme 
cases  killing,  them;  old  trees  suffer  less,  but  are  often  badly  infested. 

The  insect  passes  the  winter  in  the  egg  stage.  From  thirty  to  .one  hun- 
dred minute  white  eggs  may  be  foimd  under  each  old  scale  from  September 
until  the  last  of  May.  The  eggs  hatch  about  the  last  of  May  or  the  first 
of  June.  The  minute,  pale  yellowish,  yoting  insect  crawls  about  over  the 
bark  for  a  few  hours  and  then  settles  down,  inserts  its  needle-like  sucking 
tube  into  the  bark,  and  feeds  on  the  sap.  The  scale-like  covering  is  soon 
formed  and  the  insect  remains  in  one  place  for  the  remainder  of  its  life 
(Fig.  58).     Eggs  are  laid  under  the  scale  in  August  and  September,  and  the 


Fig. 


57. —  A  colony  of  forest  tent-caterpillars 
resting  on  a  tree  trunk 
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insect  soon  dies.  Only  the  eggs  are  alive  during  the  winter  months. 
There  is  only  one  generation  a  year  in  this  region. 

Means  of  control 
The  oyster-shell  scale  may  be  controlled  by  thorough  spraying  with 
lime-sulfur,  i  part  to  8  parts  of  water,  the  application  being  made  when 
the  buds  begin  to  show  the  green  tips  of  the  leaves.  The  application 
should  be  repeated  every  year  until  the  scale  ceases  to  be  injurious. 
Summer  applications  of  lime-sulfur  as  applied  for  apple  scab  are  thought 
to  have  a  tendency  to  prevent  the  setting  of 
the  yoimg  scale. 

plant  lice 

There  are  three  species  of  plant  lice  in- 
jurious to  the  leaves  and  fruit  of  the  apple 
in  Clinton  County.  All  these  forms  hiber- 
nate as  small,  oval,  black,  shiny  eggs  on 
the  branches  of  the  trees. 

Grain  aphis,  or  apple  bud-aphis  (Siphocoryne 
avencB  Fabricius). — ^The  grain  aphids  are 
small,  greenish  lice,  which  often  appear  in 
countless  ntmibers  on  the  opening  buds,  but  Yig.  s'^.^  Oyster-shell  scale.  Sec- 
rarely  cause  any  serious  injury  to  apple  trees  '^^m;/  ^  ^"'^''^^3'  infested 
owing  to  the  fact  that  only  one  generation 

is  spent  on  the  apple.  Most  of  the  second  generation  develop  wings  and 
fly  to  grains  and  grasses,  where  they  breed  through  the  remainder  of  the 
season.  The  grain  aphis  is  distinguished  from  other  plant  Uce  infesting 
the  apple  by  three  stripes  of  darker  green  running  lengthwise  of  the  body. 

AppU  leaf -aphis,  or  green  aphis  {Aphis  pomi  DeGeer).— ^The  apple 
leaf-aphis  usually  appears  on  the  trees  at  the  same  time  as  does  the  grain 
aphis  discussed  above;  it  continues  to  breed  on  the  apple  throughout 
the  summer,  however,  and  is  therefore  capable  of  causing  much  greater 
injury.  It  causes  the  leaves  to  curl,  stunts  the  growth  of  the  tree,  dwarfs 
the  apples,  and  prevents  the  normal  June  drop,  thus  producing  what  is 
known  as  clustering.  Apples  injured  by  aphis  attack  are  small  and 
deformed,  and  show  a  characteristic  puckering  of  the  blossom  end  (Fig.  59). 
This  plant  louse  is  also  very  destructive  to  yoimg  trees,  which  are  sometimes 
killed  outright.  The  apple  leaf-aphis  is  often  aided  in  its  destructive 
work  by  the  rosy  aphis. 

Rosy  apple  aphis  (Aphis  sorbi  Kaltenbach). —  The  rosy  apple  aphis  is 
often  found  on  apple  trees  in  company  with  the  apple  leaf-aphis.  These 
plant  lice  are  thinly  covered  with  a  whitish  waxy  bloom,  and  the  winged 
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forms  are  of  a  pinkish  or  rosy  color;  hence  the  name  rosy  aphis.  They 
appear  on  the  buds  at  about  the  same  time  as  does  the  apple  leaf -aphis, 
but  as  a  rule  only  three  generations  develop  on  the  apple.  After  the 
third  generation  the  remainder  of  the  season  is  spent  on  broad-leaved  and 
narrow-leaved  plantain.  Although  the  lice  remain  on  the  apple  for  only 
about  two  months,  they  are  capable  of  doing  great  damage.  They  curl 
the  leaves  more  severely  than  does  the  apple  leaf-aphis,  and  are  equally 
destructive  to  the  fruit. 
Means  of  control, —  Plant  lice  can  be  fought  most  effectively  .by  thorough 

spraying  with  **  black  leaf  40 "  tobacco 
extract,  J  pint  in  100  gallons  of  water  or 
dilute  lime-sulfur  solution,  the  application 
being  made  when  the  lice  are  clustered  on 
the  opening  buds.  As  the  spray  kills  only 
by  contact,  very  thorough  work  is  neces- 
sary and  care  should  be  taken  to  hit  all  the 
plant  lice  with  the  spray.  After  the  aphids 
have  curled  the  leaves  it  is  very  difficult 
to  hit  them,  and  it  is  very  doubtful 
whether  spraying  at  that  time  is  worth 
the  trouble  involved.     In  the  case  of  small 

Fig.    S9  —  Apt4es  stunted  and     trees    it    is    better    to   dip    the    infested 
deformed  as  the  result  of  aphis      ,  i_       •      j.i_         1    x-  1.  j.t.« 

injury  branches  m  the  solution  wherever  this  can 

be  done  without  breaking  the  trees. 

WOOLLY  APHIS  {Schtzomura  lanigera  Hausmann) 
Woolly  aphids  are  small,  reddish  brown,  plant  lice  which  are  found  in 
colonies  on  the  trunks  and  branches,  and  also  on  the  roots,  of  apple  trees. 
As  the  Hce  are  covered  by  a  woolly  mass  of  long,  white,  waxy  fibers,  these 
colonies  are  very  conspicuous.  In  Clinton  County  these  lice  are  most 
injurious  when  found  in  cankers  and  wounds,  where  they  feed  in  colonies 
on  the  callus  and  prevent  proper  healing.  Such  wounds  should  be  care- 
fully cleaned  out  and  painted  with  gas  tar. 

GRASSHOPPERS  (Melanopltis  femur-rubrum  DeGeer) 
During  the  past  two  seasons  grasshoppers  have  been  very  destructive 
to  a  few  yoimg  orchards  located  on  the  light  sandy  soils  of  Clinton  County. 
In  extreme  cases  they  have  completely  defoliated  the  trees,  and  even 
girdled  the  trunk  and  branches. 

Means  of  control 
Grasshoppers  may  be  controlled  by  the  use  of  poison  bait.     The  formula 
used  by  Professor  G.  A.  Dean,  of  Kansas,  is  as  follows: 
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Bran. 20  pounds 

Paris  green i  pound 

Sirup 2  quarts 

Oranges  or  lemons 3  fruits 

Water 3J  gallons 

The  bran  and  the  paris  green,  dry,  are  mixed  thoroughly  in  a  washtub. 
The  juice  of  the  oranges  or  lemons  is  squeezed  into  the  water;  the 
remaining  pulp  and  peel  is  chopped  into  fine  bits  and  added  to  the  water. 
The  sirup  is  dissolved  in  the  water  and  the  bran  and  poison  are  wet  with 
the  mixture,  being  stirred  at  the  same  time  so  as  to  dampen  the  mash 
thoroughly. 

This  bait  should  be  spread  over  five  acres  of  the  infested  area.  It 
should  be  sown  broadcast  very  thinly,  in  order  to  make  it  impossible  for 
birds,  fowls,  and  domestic  animals  to  obtain  enough  poison  to  kill  them. 
Very  little  of  the  bait  is  eaten  after  it  becomes  dry;  hence  it  is  important  to 
scatter  it  in  the  early  morning,  just  as  the  grasshoppers  are  becoming 
active.  A  very  small  quantity  of  the  poison,  if  eaten,  is  sufficient  to  kill 
the  grasshoppers. 

SPRAYING  SCHEDULE  FOR  APPLES 

Dormant  sprayi  as  the  leaf  buds  begin  to  show  green 

Lime-sulfur  (32**  Baum^)  diluted  i  to  8,  for  oyster-shell  scale  and 
blister  mite.  To  control  plant  lice,  add  f  pint  "  black  leaf  40  "  tobacco 
extract  to  each  icx>  gallons.  Make  the  application  when  the  lice  are 
clustered  on  the  opening  buds. 

Smmner  sprays 

A.  As  the  blossom  buds  begin  to  show  pink 

Lime-sulfur  (32**  Baum^)  diluted  i  to  40,  for  apple  scab;  add 
arsenate  of  lead,  6  pounds  to  icx)  gallons,  for  bud  moth  and  green 
fruit-worm. 

B.  As  the  last  oj  the  petals  are  falling 

Lime-sulfur  (32°  Baum6)  diluted  i  to  40,  for  apple  scab;  add 
arsenate  of  lead,  6  pounds  to  100  gallons,  for  codling  moth. 

This  is  the  most  important  spray  for  the  control  of  the  codling 
moth,  and  the  work  should  be  done  thoroughly. 

C.  Three  weeks  after  the  petals  fall 

Lime-sulfur  (3*2®  Baum^)  diluted  i  to  40,  for  apple  scab;  add  arse- 
nate of  lead,  6  pounds  to  100  gallons,  for  codling  moth. 

D.  Last  week  in  July 

Lime-sulfur  (32®  Baum6)  diluted  i  to  40,  for  apple  scab. 
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Spray  for  apple  maggot,  first  week  in  July 

Arsenate  of  lead,  6  pounds  to  100  gallons  of  water  and  2  gallons  of 
molasses.  Repeat  every  two  weeks  or  after  each  rain,  tantil  the  middle 
of  August. 

Spray  for  plant  lice,  when  the  lice  are  clustered  on  the  opening  buds 

**  Black  leaf  40  *'  tobacco  extract,  f  pint  to  100  gallons  of  water  or  dilute 
lime-sulfur;  if  used  in  water  add  five  pounds  of  soap  to  each  100  gallons. 

Submitted  for  publication  January  z6, 19x5. 
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THE  COST  OF  MILK  PRODUCTION 

H.  A.  Hopper  and  P.  E.  Robertson 

A  growing  demand  for  more  comprehensive  information  on  the  cost  of 
producing  milk,  as  compared  with  its  selling  price,  comes  from  producer 
and  consumer  alike.  One  county  of  New  York  State,  Jefferson  County, 
has  been  studied  with  respect  to  this  matter,  and  the  results  are  here 
presented  as  having  a  bearing  on  conditions  throughout  the  State. 

Jefferson  County  is  one  of  the  leading  agricultural  counties  in  New 
York  State.  Not  only  is  it  productive  of  cereal,  forage,  and  other  crops 
in  abundance,  but  also  it  stands  high  in  the  number  of  dairy  cows  main- 
tained within  its  borders,  ranking  third  in  the  State  in  the  year  1909, 
with  64,855  cows.  In  this  respect  it  is  surpassed  only  by  St.  Lawrence 
and  Delaware  Counties,  and  exceeds  such  counties  as  Oneida,  Onondaga, 
and  Chenango,  which  are  conspicuous  as  centers  of  the  dairy  industry. 
In  many  ways  Jefferson  County  merits  consideration  in  the  study  of 
problems  concerned  with  the  business  of  milk  production.  It  also  holds 
an  important  commercial  position  in  the  dairy  business  of  northern  New 
York,  as  its  county  seat,  Watertown,  has  the  largest  inland  cheese  board 
in  the  world. 

By  far  the  greater  part  of  the  milk  produced  in  Jefferson  Coimty  is 
manufactured  into  cheese,  although  within  recent  years  the  production 
of  market  milk  has  increased  rapidly.  The  making  of  cheese  began  on  the 
farms  in  1834,  and  later  it  was  carried  on  in  cooperative  cheese  factories. 
In  1908  there  were  eighteen  butter  factories,  twenty-two  milk  shipping 
stations,  and  one  hundred  and  twenty-two  cheese  factories  in  operation 
in  the  county.  Most  of  the  cheese  is  of  the  usual  cheddar  type,  but 
nearly  all  kinds  are  produced  to  some  extent.  The  cheese  output  in  1908 
was  over  fifteen  million  pounds.  During  the  past  fifteen  years  the  market 
tnilk  interests  have  developed  most  rapidly  in  districts  adjacent  to  the 
railroads,  the  annual  output  of  milk  now  aggregating  twelve  million 
quarts.^ 

Only  within  recent  years  has  it  been  possible  to  study  in  a  careful  and 
conclusive  manner  the  question  of  costs  incident  to  milk  production  on 
farms  where  the  business  is  conducted  on  a  commercial  scale.  Much 
experimental  data  and  numerous  isolated  records  of  cost  are  at  hand,* 
but  as  yet  there  is  no  adequate  amoimt  of  carefully  prepared  data  ob- 
tained irom  the  herds  of  practical  dair3rmen  in  such  a  manner  as  to  show 

1  New  York  State  Census  Report  for  1910. 
*  New  Jersey  Agr.  Exp.  Sta.     Rept.  30:73-76.     1909. 
Records  of  a  dairy  herd  for  five  years.     By  J.  M.  Trueman.    Connecticut  (Starrs)  A^r.  Bzp.  Sta. 
Bui.  73  tx  27-148*     191a. 

Cost  of  milk  production.  By  Fred  Raamusaen.  New  Hampshire  Agr,  Bzp.  St«,  BxtewioQ  b«l« 
^:i-30.    X9i3« 
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the  individual  items  of  food  costs,  labor  costs,  and  incidental,  or  fixed, 
costs,  and  the  proportion  that  each  shares  in  the  production  of  one  hundred 
pounds  of  milk  or  one  pound  of  butter-fat. 

Every  farm  enterprise,  if  properly  studied,  will  supply  valuable  infor- 
mation concerning  the  relationship  of  the  factors  involved  in  its  successful 
management.  Much  progress  can  be  made,  however,  by  further  simpli- 
fying methods  of  record  keeping  and  adapting  them  to  the  problem  in 
hand,  which  will  encourage  individuals  to  prosecute  the  work  effectively. 

In  order  to  conduct  his  business  successfully,  the  milk  producer  must 
be  able  to  deal  intelligently  with  its  technical  and  commercial  featttres. 
Some  of  these  are  within  his  control,  others  are  obviously  beyond  it.  On 
one  side  he  sees  forces  at  work  demanding  a  better  product;  on  the  other 
he  sees  a  constantly  ascending  scale  of  costs  in  terms  of  labor,  feed,  and 
investments.  But  seldom  does  he  feel  that  there  is  a  commensurate 
increase  in  the  selling  price  of  the  product  to  balance  the  accotmt.  The 
milk  producer  with  good  cows  properly  fed  and  handled  is  entitled  to  a 
reasonable  return  for  his  labor  above  all  legitimate  costs  involved.  There- 
fore data  are  needed  from  many  sources  to  establish  the  relationship  of 
these  cost  factors  to  one  another. 

The  organization  of  a  farm  bureau  in  Jefferson  County  in  April,  19 12, 
made  it  possible  to  obtain  the  data  presented  in  this  bulletin.  The  man- 
ager of  the  farm  bureau,  as  soon  as  he  was  appointed,  proceeded  immedi- 
ately to  organize  cow-testing  associations  on  the  cooperative  basis  usually 
followed  throughout  the  State.  In  all,  three  associations  have  been 
formed,  comprising  fifty-three  herds  well  distributed  over  the  county. 
The  yearly  records  of  the  834  cows  in  these  herds  have  been  made  the 
basis  of  the  present  study.*  The  information  gained  should  be  especially 
valuable  to  JeflEerson  County  dairymen,  and  should  also  be  an  incentive 
to  milk  producers  in  general  to  look  more  dosely  to  the  costs  concerned 
in  milk  production. 

DAIRY   CONDITIONS  IN  JEFFERSON   COUNTY 

By  reason  of  its  dimate,  topography,  soils,  and  transportation  facilities, 
Jefferson  County  is  natiuully  endowed  with  superior  advantages  as  a 
dairy  county.  The  common  grasses,  cereals,  and  legumes  for  hay  pro- 
duce large  yields,  and  the  growing  use  of  and  success  with  alfalfa  and  vetch 
are  important  factors  tending  to  reduce  the  cost  of  dairy  products  in  the 
county. 

Root  crops  for  stock  are  not  widely  grown,  but  most  dairy  farms  are 
equipped  with  one  or  more  large  silos  which  are  filled  each  year  from  a 
practically  unfailing  com  crop.    To  supplement  the  rougha^  on  most 

*  AcknowledgmeDt  it  madtt  to  C.  L.  Tifft  and  Carl  TmnU,  who  kept  tho  herd  reoordt  osd  raoderod 
other  Tahutble  Nrrioet. 
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fanns,  varying  amounts  of  oats,  barley,  com,  and  peas  are  grown.  On 
some  farms,  large  quantities  of  piarchased  conoentrates  are  fed;  on 
others,  dependence  is  placed  primarily  on  the  pastures  and  other  green 
foods,  with  rather  light  grain  feeding  dining  the  winter  months  when 
part  or  all  of  the  herd  may  be  dry.  It  is  evident,  however,  in  either 
case,  that  the  fact  that  the  larger  part  of  the  ration  is  composed  of  a 
good  variety  of  farm-grown  foods  tends  to  materially  reduce  the  cost  of 
production,  and  this  should  be  borne  in  mind  later  when  the  conclusions 
from  the  study  are  being  discussed. 

Facilities  for  transportation  play  an  important  part  in  developing  a 
dairy  region.*  At  the  present  time  few  counties  are  so  well  equipped 
with  railroads  as  is  Jefferson  Coimty.  Radiating  from  the  city  of  Water- 
town,  nearly  at  the  center,  these  railroads  reach  out  into  aknost  every 
part  of  the  county.  Milk  trains  from  any  part  of  the  county  reach  New 
York  in  twelve  hours. 

Good  dairy  farms  are  valued  at  from  sixty  to  eighty  dollars  an  acre. 
The  average  size  of  farm  for  the  county  is  about  one  hundred  and  twenty- 
five  acres,  but  most  farms  in  the  dairy  region  exceed  the  average.  Farm 
operations  in  the  county  are  extensive  rather  than  intensive,  and  to  this 
the  milk-produdng  industry  is  no  exception. 

EXPLANATION  OP  DATA 

(From  reports  of  cow-testing  associations) 
The  period  covered  by  this  study  is  substantially  the  year  from  April  i, 
1913,  to  March  31,  1914.  The  association  record  books  used  for  the 
various  herds  tmder  consideration  were  those  supplied  by  the  New  York 
State  Department  of  Agriculture.  The  summary  sheet  from  each  com- 
plete herd  report  was  carefully  examined  and  the  following  data  for  the 
year  were  drawn  off:  number  or  name  of  cow,  age,  milk  yield,  per- 
centage of  fat,  butter-fat,  cost  of  roughage,  cost  of  grain,  and  amotmt 
received  for  milk.  This  information  gives  the  yield  of  milk,  butter-fat, 
total  cost  of  feed,  and  amount  of  money  received  for  each  cow's  product. 
For  the  benefit  of  those  tmfamiliar  with  the  organization  and  purpose  of 
a  cow-testing  association,  the  following  brief  outline  of  one  is  given,  as 
showing  how  the  production  and  feed  costs  per  cow  were  obtained: 

Organization  and  purposes  oj  a  cow-testing  association  * 
As  in  any  other  association,  there  is  usually  a  formal  organization 
providing  for  oflBcers  and  for  a  set  of  by-laws  for  the  government  of  the 

*  Jefferson  County:  an  account  of  its  agriculture  and  of  its  farm  bureau.    By  P.  £.  Robertson.     Cornell 
Univ.  A{zr.  Exp.  Sta.     Parm  bureau  circ.  No.  4.     19x4. 

*  The  formation  of  cow-testing  anociations.     By  Henry  H.  Wipg«    Cornell  Univ.  Agr.  £zp.  Sta.    Circ 
No.  17.    X9i3> 
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association.  Each  association  holds  meetings  at  stated  times.  Each 
member  joining  an  association  signs  a  definite  agreement  as  to  the  number 
of  cows  he  will  enter  in  the  test,  the  cost  per  cow,  when  payment  shall 
be  made,  and  other  data,  in  order  that  the  organization  may  be  put  on  a 
sotmd  financial  basis.  Some  cow-testing  associations  are  affiliated  with 
other  organizations,  in  which  case  formal  by-laws  may  not  be  necessary. 
Such  associations  are  usually  cooperative. 

While  organization  may  be  effected  in  various  way«,  the  important 
thing  is  that  it  should  be  planned  with  due  regard  to  local  conditions. 
After  proper  organization  is  effected,  the  affairs  of  the  association  are 
placed  in  charge  of  competent  officers  who  engage  a  properly  qualified 
man  to  visit  the  various  herds  and  do  the  testing.  That  such  associations 
are  useful  to  a  high  degree  is  shown  by  their  increasing  numbers  in  New 
York  and  in  other  States. 

For  more  than  twenty  years  the  use  of  the  scales  and  the  Babcock 
test,  and  their  importance  in  determining  the  butter-fat  production  of 
the  various  cows  in  the  herd,  has  been  continuously  urged  on  dairymen 
and  breeders  of  dairy  cattle  in  this  State.  With  the  exception  of  breeders 
of  pure-bred  dairy  cattle,  milk  producers  in  general  have  been  very  slow  to 
systematize  their  business,  even  to  the  extent  of  keeping  individual  milk 
records.  To  weigh  the  milk  and  make  the  butter-fat  tests  imposes  no 
qualifications  that  an  ordinary  person  should  be  unwilling  to  acquire. 
For  various  reasons  the  busy  dairyman  has  refused  to  do  these  things  for 
himself.  Frequently,  however,  he  is  willing  to  join  an  association,  and 
through  cooperation  encourage  the  testing  and  improvement  of  all  cows 
in  the  commtmity.  While  testing  through  an  association  secures  for  the 
individual  little  more  than  he  could  as  well  obtain  for  himself,  yet  it  may 
encourage  the  idea  of  cooperation,  which  is  so  helpful  in  general  live- 
stock improvement. 

Details  of  organization. —  Usually  an  association  is  composed  of  twenty- 
five  or  twenty-six  dairies  so  grouped  that  they  are  accessible  and  each 
may  be  visited  once  every  month.  The  owner  weighs  the  milk  from 
each  cow,  continuously  or  at  stated  intervals,  during  the  month.  Samples 
of  milk  from  each  cow  may  be  taken  by  the  owner,  to  be  ready  when  the 
tester  arrives,  or  by  the  tester  himself  on  his  arrival,  depending  on 
the  convenience  of  those  concerned.  In  any  event,  every  farm  must 
be  visited  in  turn  each  month,  and  all  records  of  feed  and  production  per 
cow  obtained.  The  tester  makes  the  butter-fat  tests,  calculates  the  pro- 
duction of  fat  for  each  cow  per  month,  records  the  feed  consumed  and  the 
production,  and  leaves  a  report  of  each  visit  with  the  owner  on  a  blank 
form  provided  for  the  purpose. 

Much  depends  on  the  tester  employed.  He  must  take  interest  in  his 
work  and  be  able  to  make  a  reliable  Babcock  test.    All  calculations 
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must  be  made  accurately,  rapidly,  and  neatly.  The  tester  must  command 
the  respect  of  the  members  of  the  association  he  serves,  and  his  usefulness 
is  greatly  increased  if  he  can  advise  the  dairymen  on  feeding  and  other 
questions. 

Apparatus  needed. —  A  spring  balance  of  sixty  pounds  capacity,  gradu- 
ated to  tenths  of  a  pound,  is  an  essential  in  every  dairy  stable. 
Record  sheets  for  daily  weights  of  milk,  and  record  books  for  entering  all 
records  of  each  cow,  are  provided  by  the  association.  Where  the  owners 
take  the  samples,  as  many  wide-mouth  sample  bottles  are  needed  as 
there  are  cows  in  the  herd.  Each  bottle  should  have  a  durable  label. 
A  convenient  sampling  dipper  must  be  provided  for  taking  the  sample 
to  be  tested. 

The  tester  carries  with  him  a  Babcock  testing  machine,  usually  the 
twelve-bottle  hand-power  size.  Larger  sizes  are  used  where  steam  is 
available.  The  tester  has  also  a  full  supply  of  State-inspected  glassware, 
in  order  to  insure  accuracy  of  results.  Sulfuric  add,  used  in  making 
the  test,  is  usually  kept  on  hand  at  the  various  farms.  The  quantity 
required  for  one  cow  for  a  year  is  approximately  one  pint,  or  two  pounds. 
If  the  tester  does  not  provide  his  own  conveyance,  each  member  of  the 
association  carries  him  in  turn  to  the  next  member.  His  living  expenses 
are  borne  by  those  whom  he  serves. 

Purposes  oj  an  association, —  The  primary  objects  of  a  cow-testing 
association  may  be  enumerated  as  follows  : 

1.  To  identify  and  eliminate  the  improfitable  cows  in  every  herd,  and 
thus  make  the  business  of  milk  production  more  profitable. 

2.  To  determine  which  cows  are  sufficiently  profitable  to  justify  their 
use  in  grading  up  a  better  herd. 

3.  To  point  out  the  losses  from  low-producing  cows  and  the  necessity 
for  high-yielding  animals  of  good  breeding. 

4.  To  encourage  the  idea  of  cooperative  effort  among  dairymen. 

Obviously  there  are  many  other  things  accomplished,  the  most  im- 
portant of  which  is  the  securing  of  a  mass  of  useful  data  covering  many 
points  of  economic  interest.  The  dairyman  who  enters  his  cows  for  such 
a  test  does  so  for  the  purpose  of  accurately  informing  himself  as  to  the 
real  merit  of  each  cow.  While  the  approximate  day  when  the  tester  will 
arrive  each  month  is  known  in  advance,  there  is  no  temptation  to  falsify 
records  or  manipulate  the  cows  in  any  way.  Such  records  are  for  the 
owner's  information  primarily,  and,  being  unofficial,  can  have  but  little 
effect  on  the  selling  price  of  any  individual  cow  that  might  be  offered. 

The  records 
The  accuracy  of  such  records  of  production  and  food  consumption  as 
are  obtained  is  greater  than  that  of  records  frequently  in  use.    With 
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each  individtial  cow's  record  at  hand,  it  has  not  been  necessary  to  base 
calculation  on  an  estimate  of  the  quantity  of  milk  used  for  calves  and 
domestic  purposes,  and  add  this  to  the  farm  deUveries  at  the  creamery 
or  milk  station.  The  frequent  weighings  of  grain  and  roughage  to  each 
cow  are  much  more  nearly  accurate  than  a  rough  apportionment  at 
irregular  intervals  of  the  food  supplies  on  hand  to  the  number  of  animals 
being  fed.  In  other  words,  the  production  per  cow,  the  feed  cost  per 
cow,  and  the  receipts  per  cow,  in  the  tables  that  follow,  were  obtained 
in  such  a  way  as  to  give  them  an  unusual  degree  of  accuracy. 

Further,  it  should  be  said  that  the  breeding  of  each  herd  is  indicated 
as  either  pure-bred,  grade,  mixed,  or  scrub.  Only  cows  with  full  yearly 
records  were  used.  All  other  data  were  obtained  from  using  on  each 
farm  the  survey  blanks,  which  are  explained  later. 

Feed  costs  in  the  association 

A  word  regarding  feed  costs  is  important,  not  so  much  for  the  purpose 
of  showing  how  they  were  obtained  as  to  give  the  basis  for  futiu^e  calcu- 
lations or  comparisons  of  cost.  The  roughages  used  were  pasture,  mixed 
hay,  com  silage,  fodders,  and  a  small  quantity  of  alfalfa  hay.  Only 
eight  owners  reported  the  feeding  of  alfalfa  hay,  and  vetch  hay  was  used 
to  a  very  slight  degree. 

Pasture  costs  per  cow  varied  in  the  different  associations  from  $1  to 
$1.50  a  month,  depending  somewhat  on  the  value  of  the  land.  Mixed 
hay,  which  was  generally  fed,  had  an  average  farm  value  of  $12  a  ton. 
Com  silage  was  calculated  at  $4  a  ton. 

Farm-grown  grains  were  charged  to  the  cows  at  farm  value,  which  varied 
somewhat  with  locality  and  quality.  All  piu^chased  feeds  were  charged 
at  actual  cost,  being  hauled  on  the  return  trip  from  the  creamery  or  milk 
station.  The  common  grains  and  by-products  used  were  com,  oats, 
barley,  peas,  wheat  bran,  wheat  middlings,  buckwheat  middlings,  hominy, 
brewers'  dried  grains,  gluten  feed,  oil  meal,  and  cottonseed  meal.  In 
32  per  cent  of  the  herds,  "  ready-mixed  "  dairy  rations  were  fed  as  all 
or  part  of  the  concentrate. 

As  nearly  as  can  be  stated,  the  average  cost  of  purchased  concentrates 
in  all  herds  was  $30  a  ton.  A  statement  of  feed  costs  for  each  herd  would 
be  more  confusing  than  useful.  However,  with  the  valuations  already 
given,  and  the  fact  borne  in  mind  that  the  average  net  feed  cost  per  cow 
was  64  per  cent  of  the  total  net  cost  (as  shown  in  the  tables  following), 
the  effect  of  any  change  in  feed  values  on  cost  of  production  can  be  readily 
calculated. 

SURVEY  OF  EACH  FARM 

In  order  to  determine  the  items  other  than  cost  of  feed  that  enter 
into  cost  of  production,  a  careful  survey  of  each  farm  relative  to  live- 
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stock  activities  was  made.  The  complete  survey  and  summary  of  a 
tjrpical  herd,  No.  i,  is  given  (Tables  i  and  2),  in  order  to  show  the  method 
of  procedure.  Since  the  records  of  production  and  feed  costs  for  each 
cow  were  available,  it  seemed  desirable  and  feasible  to  obtain  the  other 
costs,  in  so  far  as  possible,  on  the  basis  of  the  individual.  In  order  to  do 
this,  all  charges  of  a  definite  or  individual  nature  were  made  against 
each  cow.  The  collective,  or  herd,  costs,  which  could  not  readily  be 
subdivided,  were  apportioned  equally  as  shown  in  the  following  explanation : 

Discussion  of  various  items 

Inventory  of  cows. — By  a  careful  consultation  with  the  owner  or  the  mana- 
ger of  each  herd,  the  value  of  every  cow  was  determined  at  the  beginning 
and  the  close  of  the  year  in  question.  The  values  assigned  represent  the 
owner's  estimate,  with  the  exception  that  in  a  ntmxber  of  herds,  where 
there  were  pure-bred  cows  inventoried  at  relatively  high  prices,  the  value 
of  these  cows  was  reduced  to  one  hundred  dollars  in  order  to  put  them 
on  the  same  milk-producing  basis  as  grade  cows  with  essentially  the  same 
records.  In  other  words,  in  this  study  the  interest  on  investment  charge 
in  no  case  exceeds  $5  per  cow  for  the  year.  All  interest  charges,  under 
this  heading  or  elsewhere  in  this  btdletin,  were  calculated  at  5  per 
cent. 

Value  of  calf. —  When  possible  the  value  of  each  calf  was  obtained, 
and  the  average  of  all  calves  for  the  herd  was  credited  to  the  cows  in 
determining  the  fixed  cost  per  cow.  There  were  specific  cases  when 
calves  were  given  a  high  individual  value.  In  this  bulletin  no  credit  of 
more  than  $10  per  calf  was  allowed,  ias  the  larger  amounts  can  hardly 
be  considered  a  legitimate  compensating  factor  in  milk  production.  Credit 
for  the  calf  in  this  connection  is  but  an  arbitrary  offset  for  food  diverted 
to  ptirposes  of  reproduction. 

Value  of  manure. —  There  was  so  much  variation  between  the  estimates 
given  by  the  daiiymen  as  to  the  value  of  the  manure  obtained  from  a 
dairy  cow  during  the  year,  that  it  seemed  necessary  to  assume  for  each 
cow  a  tmiform  credit  of  $15  and  for  a  bull  $10.  These  credits  are  in 
common  use  elsewhere  and  are  so  used  throughout  this  text. 

Bull  service. —  The  feed  cost  in  keeping  a  bull  is  largely  an  estimate. 
While  the  records  of  food  for  cows  are  available,  few  owners  have  made 
similar  records  for  the  bulls.  It  so  happened  that  none  of  the  inventory 
values  on  bulls  were  high.  The  net  cost  of  bull  service  to  the  herd  was 
determined  by  subtracting  the  credit,  if  any,  for  outside  service,  and  the 
value  of  mantire,  from  interest  on  average  value  plus  estimated  cost  of 
keep.  The  gross  cost  for  service  to  the  herd  was  distributed  to  the  various 
cows,  as  shown  in  fixed  costs.  Table  2. 
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TABLE  I.    Survey  Blank  Used  on  Each  Pasm  to 
Determine  Herd  Operating  Costs 


Name,  No.  x 

Owner 

Size  of  farm,  156  acres 

Number  of  cx>ws,  27 

Ntmiber  of  bulls,  i 

Number  of  horses,  3 


Farm  survey  —  Milk  production 


Post  office 
Miles  to  market,  3 
Share  renter,  yes 
Number  of  hedf  ers,  4 
Other  stock,  o' 
Ntmiber  of  colts,  o 


Township 
Age,  37 
Cash  renter 
Ntmiber  of  calves,  4 

C.  U.,  32 


Ntmiber  of  cow 


Inventory 


1st 


2d 


Average 


Value 
of  calf 


I 

2 
3 
4 
5 
6 

7 
8 

9 
10 
II 
12 
13 
14 
15 
16 

17 
18 

19 
20 
21 
22 
23 
24 


$85.00 
70.00 
85.00 
85.00 
85.00 
85.00 
80.00 
60.00 
70.00 
50.00 
80.00 
80.00 
70.00 
85.00 
50.00 
40.00 
40.00 
70.00 
70.00 
70.00 
70.00 
70.00 
50.00 
70.00 


$75  00 
60.00 
75  00 
7500 
7500 
70.00 
70.00 
50.00 
60.00 
50.00 
75  00 
75.00 
60.00 
75.00 
60.00 
50.00 
50.00 
75  00 
75  00 
7500 
7500 
60.00 
40.00 
60.00 


$80.00 
65.00 
80.00 
80.00 
80.00 
77.50 
75.00 
55.00 
65.00 
50.00 
77.50 
77.50 
65.00 
80.00 
55.00 
45.00 
45.00 
72.50 
72.50 
72.50 
72.50 
65.00 
45.00 
65.00 


$2.50 
4.00 
4.00 
4.00 
3.00 


5.00 
2.00 
5  00 
2.00 
2.00 
2.00 
300 
5.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
3.00 
2.00 
2.00 


Bull  service 


Average  value  of  btill,  $75.00,  at  5  per  cent 

Depreciation 

Cost  of  keep 

Outside  service 

Manure 


Total. . . . 
Net  cost. 


$3.75 
35.00 


$38.75 
28.75 


$10.00 


$10.00 
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Table  i  {canttnued) 
Value  of  manure  per  cow  estimated  at  $15  per  year 


Bedding 

Kind 

Tons 

Value  per  ton 

Total 

Straw 

Oat 

5 

$6.00 

$30.00 

Hauling  milk 

Farmer  hauls,  part  time   Cooperates,  no  Hires,  3  months        Driver,  man 

Time  required,  2  hours     Distance,  2  miles      Nimaber  of  trips     Number  of  horses,  i 

a  year,  270 

Cost  of  man  labor  at  15c.,  540  hours $81.00 

Cost  of  horse  labor  at  12c.,  540  hours 64.80 

Cost  of  portion  hired  hauled 15.00 

Amount  of  milk  hauled,  152,718  pounds 
Cost  per  hundredweight,  loj  cents 

Labor  on  milking  cows 


Hours 

Days 

Total  hours 

Cost 

S!imm<^r  —  average  per  day 

6 
6 

180 

185 

365 

1,080 
1,110 

365 

Winter  —  average  per  day 

Sxtra  time  on  cows 

Making  products 

Child  labor 

Woman  labor 

I 

Horse  labor 

Total 

2,555 

$383  25 

Dairy  equipment 


First 
inventory 


Second 
inventory 


Cans , 

Pails  and  strainers . 

Cooler 

Tester  and  bottles. 

WM;on , 

Sc^s 

Separator 

Chum 


Total. . . 
Average. 


Decreased  inventory 

New  equipment 

Repairs 

Interest  average  inventory . 


Total. 


Less  increased  inventory . 
Cost 


$1500 
125 
2.25 


1500 
2.30 


$35.80 
31  40 

$  8.80 


1-57 


$10.37 


$12.00 
1. 00 
2.00 

10.00 
2.00 


$27.00 
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Table  i  {concluded) 
Buildings 


First 
inventory 

Second 
inventory 

Dairy  bam 

$2,000.00 

150.00 

20.00 

$2 , 000 . 00 

Silos 

200.00 

Millr  house 

30.00 

Ice  house 

Total 

$2,170.00 
2 , 200 . 00 

$2,230.00 

Average 

Decreased  value 

■Repai^^  —  t-otrfll 

$150.00 

110.00 

1.50 

Interest  average  inventory • 

Insurance 

Total 

$261.50 
60.00 

Less  increased  inventory 

Cost 

$201.50 

Memorandum —  Bam 

repairs 

Amount 

Value 

Total 

Purchased  lumber 

$  25  00 

100.00 

Shineles.  roofmcr 

Hardware 

Paint,  glass 

Cement,  sand,  lime 

Materials  from  farm 

Labor  —  skilled 

25.00 

Labor  —  farm 

Labor  —  horse 

Labor  —  board  of 

Total 

$150.00 

Miscellaneous  costs 


Amount 


Insurance  on  stock . 

Medicines 

Veterinary  fees 

Fly  protector 

Skimmed  milk .... 

Stock  foods 

Ice. 


$  8.00 
1. 00 


7.80 


Grinding 

Overhead  charges  —  cattle  and  testing . 

Total 


2.00 
35  60 

$5440 
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Bedding. —  In  many  herds  bedding  was  not  used.  If  shavings  or  the 
like  were  bought,  the  amount  and  cost  were  recorded;  if  straws  and  other 
farm  refuse  were  used,  their  value  was  estimated.  The  total  cost  for 
bedding  for  the  herd  was  used  as  a  part  of  the  fixed  costs  as  shown  in 
Table  2. 

Hauling  milk. —  The  cost  of  hauling  milk  per  himdred  poimds  was 
determined  for  each  herd  by  obtaining  the  number  of  men  and  horse 
hours  required  to  move  the  year's  product  of  milk  to  factory  or  station. 
A  uniform  charge  per  hour  of  15  cents  for  a  man  and  12  cents  for  a  horse 
was  made  in  all  cases.  All  milk  hauled  from  the  farm  during  the  year, 
including  that  of  both  full-term  and  short-term  cows,  was  used  in  deter- 
mining the  cost  per  himdred  pounds.  In  this  way  it  was  possible  to 
charge  each  cow  accurately  with  the  delivery  of  her  product. 

Labor  on  cows, —  The  approximate  hours  required  on  the  different 
farms  for  milking  and  caring  for  the  cows  was  determined  by  consultation, 
and  the  cost  was  figured  at  15  cents  an  hour.  It  should  be  noted  that 
the  amount  of  labor  as  estimated  by  the  dairymen  included  the  care  of 
the  whole  herd.  In  certain  herds,  but  not  in  all,  there  were  cows  that 
freshened  or  went  dry  at  such  times  as  to  give  them  incomplete  records 
for  the  year.  As  noted  elsewhere,  all  such  cows  were  .discarded.  The 
number  of  cows  eliminated  in  this  manner  was  not  sufficient,  however, 
to  materially  affect  the  labor  charge.  In  each  case  the  labor  costs  for 
the  whole  herd  were  distributed  to  the  different  cows  under  fixed  costs 
as  shown  in  Table  2. 

Dairy  equipment. —  This  is  usually  a  small  charge,  from  the  fact  that, 
while  dairy  equipment  has  rather  a  short  period  of  usefulness  on  most 
farms,  the  amount  of  capital  invested  in  this  form  at  any  one  time  is  rela- 
tively small.  Such  items  as  pails,  cans,  coolers,  wagons,  and  the  like, 
belong  in  this  group.  The  cost  for  dairy  equipment  on  each  farm  was 
determined  from  the  difference  in  inventory  values,  the  costs  for  repairs, 
and  the  interest  on  average  investment,  the  total  cost  becoming  a  part 
of  the  fixed  charge. 

.  Buildings. —  The  inventory  value  was  obtained,  at  the  beginning  and 
the  end  of  the  year,  of  all  bams,  silos,  and  other  buildings  used  to  shelter 
the  cattle  or  provide  storage  for  feed  or  product.  When  the  bam  was 
so  arranged  that  the  cattle  and  other  stock  not  concerned  in  this  project 
were  housed  together,  a  fair  proportion  of  the  total  value  of  the  bam 
was  assigned  to  the  cattle.  The  charge  for  buildings  against  all  cattle 
was  then  obtained  by  proceeding  as  outlined  in  the  survey  of  herd  i. 
Table  i.  In  order  to  apportion  the  costs  for  shelter  and  storage  equally 
in  every  herd,  however,  all  cattle  kept  during  the  year,  including  bulls 
and  calves,  were  reduced  to  cattle  units.    A  heifer  or  a  calf  was  con- 
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sidered  one-half  unit.  If  there  were  32  cattle  units  and  24  milch  cows, 
and  the  total  cost  for  buildings  during  the  year  was  $201.50,  the  charge 
against  the  milch  cows  would  be  three-fourths  of  $201.50,  or  $151.13. 
This  gives  the  total  charge  for  housing  the  milch  cows,  and  becomes  one 
item  in  the  list  of  fixed  costs. 


TABLE  2.    Blank  for  Summarizing  Herd  Data 

Herd  summary 
Farm  survey — Milk  production 


Herd  c»sts 

Total 

Per   cow 

Average 

Bull  service 

*  28.75 
3000 

383  25 

10.37 

151   13 

S4..4.0 

Hauling  milk  per  100  pounds 
Value  of  calf. 

$     .105 

2.25 

15.00 

Bedding 

Labor 

Value  of  manure 

Dairy  equipment 

Mixed  grades 

BuildinETS  «4 

Miscellaneous 

Average  fixed  cost  per  cow . 

$27.41 

Cow 

Total 

milk 

(pounds) 

Total 
butter- 
fat 
(pounds) 

Total 

cost  of 

feed 

Fixed 
costs 

Interest 
on 

invest- 
ment 

in  cow 
plus 

hauling 
cosU 

Num- 
ber 

Age 

(years) 

I 

2 

3 

4 

1::::: 
1::::: 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

23 

23 

24 

9 
10 

7 

I 

7 
II 
II 

9 
10 

16 
6 
5 
3 
3 
3 
3 
4 
5 
5 
5 
7 

1 

7,993 
5.213 
6,253 
7,055 
6,724 
6,094 
5,747 
6,698 
7,044 
5,593 
7,041 
6,453 
5.00s 
5,444 
3,90s 
3.260 
4.310 
3.397 
4,949 
5,092 
5,989 
5,920 
4,620 
5,895 

381 
190 
276 
207 

It 
194 
199 
187 
191 
221 
176 
195 
146 
136 
159 
137 
182 
220 
184 
207 
162 
254 

I52.55 
51.84 
53.79 
45.82 
53.87 
55.12 
39.49 
56.09 
56.57 
52.38 
54-80 
49-73 
45.17 
54.32 
47.97 
45.59 
51.21 
50.60 
53.8s 
53.70 
65.76 
51.61 
45.68 
48.13 

I27 

.41 

I12.39 
8.72 
9.47 
11.40 
11.06 
10.24 
9.88 
9.78 
10.64 
8.37 
11.29 
10.62 
8.50 
9.71 
6.8s 
5.67 
6.77 
7.21 
8.79 
8.94 
9.93 
9.46 
7.10 
9.43 

Total 

135.694 
5.654 

4,772 
199 

$1,235.64 

51.48 

$222.22 
9.26 

Average 

J27 

.41 

Value 

of 
manure 

and 

calf 


$17.25 


$17.25 


Net 
cost 


$75.10 
70.72 
73.42 
67.38 
75.09 

75. 52 
59.53 
76.03 
77.37 
70.91 
76.25 
70. SI 
63.83 
74.19 
64.98 
61.42 
68.14 
67.97 
72.80 
72.80 
85.85 
71.23 
62.94 
67.72 


$1,701.70 
70.90 


Rec'd 
for 
milk 


$126.13 

87.55 

102.20 

102.94 

108.04 

108 . 53 

89.75 

103.41 

106.12 

88.64 

103.40 

102.18 

88.86 

91.81 

66.64 

54.17 

73.14 

55-78 

78.54 

87.77 

86.20 

92.34 

81.78 

105.07 


$2,190.99 
91.29 


Cost 
of  I 
pound 
butter- 
fat 


$.267 
.372 
.266 
.325 
.311 
.307 
.329 
.392 
.389 
.379 
.399 
.319 
.363 
.380 
.445 

.428 
.496 
.400 
.331 
.466 
.344 
.388 
.267 


$.356 


Cost 
of  100 
pounds 

milk 


1.17 

.95 

1. 12 


1.24 
1.04 
1. 13 
1. 10 

1.08 
109 
1.27 
r.36 

1.66 
1.88 
1.58 
2.00 
1.47 
1.43 
1.43 
1.20 
1.36 
1.15 


$1.25 
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Miscellaneous  costs. — There  are  a  variety  of  items,  including  emergendes 
and  the  costs  of  herd  testing,  that  can  best  be  assembled  in  a  group  by  them- 
selves.   These  likewise  are  a  part  of  the  fixed  costs  as  shown  in  Table  2. 

Fixed  costs. —  In  tabulating  the  cost  items  involved  in  the  conduct  of 
any  business,  there  are  likely  to  be  charges  of  a  definite  nature  which 
cannot  be  easily  apportioned  to  the  various  factors  in  the  enterprise. 
So  it  is  with  milk  production.  Consequently,  in  every  herd  sxmimary, 
the  total  net  cost  for  bull  service,  bedding,  labor,  dairy  equipment,  build- 
ings, and  miscellaneous  charges,  was  divided  equally  among  the  cows, 


Fig.  60. —  Dairy  bam,  silo,  and  cattle  on  farm  No.  i;  herd  i,  referred  to  in 

Tables  i  and  2 

and  the  result  was  made  a  fixed  charge  in  the  statement  for  each  cow  in 
that  herd.  This  constitutes  what  is  called  the  fixed,  or  overhead,  charge, 
the  individual  items  of  which  have  been  explained  imder  the  preceding 
headings. 

Herd  summary 
For  convenience  in  studying  the  individual  receipts  and  expenditures 
for  each  cow,  the  figures  were  tabulated  as  shown  on  the  herd  summary 
blanks.  Table  2.  The  milk,  butter-fat,  and  feed  cost  items  were  taken 
from  the  records  of  the  testing  associations.  In  order  to  determine  the 
fixed,  or  definite,  costs  per  cow,  the  sum  of  the  various  charges  already 
referred  to  was  divided  by  the  number  of  cows.     For  convenience  in 
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tabulating,  the  interest  on  the  average  investment  in  cow  dtiring  the  year, 
and  the  cost  of  delivering  her  product  at  the  rate  indicated  per  hundred, 


TABLE  3. 


Average  Yield  and  Costs  for  834  Cows  in  53  Herds,  Jefferson 
County 


Herd  number 


Totel 
average 

milk 
(pounds) 


Total 
average 
butter- 
fat 
(pounds) 


Total 

cost  of 

feed 


Fixed 
costs 


Interest 
on 

invest- 
ment 

in  cow 
plus 

hauling 
costs 


Value 

of 

manure 

and 

calf 


Net 
cost 


Rec'd 
for 


Cost 
of  I 
pound 
butter- 
fat 


Cost 
of  100 
pounds 

milk 


I 

2 

3 

4 

i:::::::::: 

7 

8 

9 

10 

II 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

34 

as 

26 

27 

28 

29 

30 

31 

32 

33 

34 

3S 

36 

37 

38 

39 

40 

41 

4a 

43 

44 

Jl::::::::::; 
tly ::::::::: 

49 

SO 

SI 

Sa 

S3 

Average  of  total 
production  and 
cost 


S,6S4 
6.637 
4,524 
6.7SS 
7,764 
S,689 
6.037 
6.J01 
S.306 
6,S72 
S.881 
7.862 
6,601 
S.S39 
8,840 
6.582 
11,476 
7,064 
6.42s 
7,896 
7,156 
5,891 
9,686 
5,599 
8,958 
5,950 
6,70s 
5,643 
9,863 
5,666 
6.084 
7,943 
6,54a 
5,531 
8,291 
6,320 
6,331 
5,064 
7,445 
8.357 
6,132 
7,758 
5,775 
5.554 
6,681 
7,213 
7,494 
7.989 
5,434 
7,785 
6,ia7 
4,965 
6,320 


199 
229 
156 
353 
291 
204 
207 
222 
186 
231 
217 
260 
334 
207 
317 

22J 
423 
266 
224 
281 
265 
199 

347 
202 
335 
214 
230 
198 
337 
334 
ao3 
290 
338 
197 
33a 
224 

315 

214 
271 
331 
394 
251 
216 
181 
231 
343 

aoo 
377 
224 
286 

321 
177 
228 


6,621 


241 


I5I.48 
44-71 
33.33 
68.01 
58.  OS 
39.01 
35.69 
48.67 
34.03 
42.21 
32.61 
55.48 
44.42 
45.60 
62.89 
S6.8o 
88.92 
57. 43 
58.93 
56.8s 
60.04 
46.01 
66.73 
54.77 
61.94 
59. 94 
52.11 
47.8s 
76.8s 
48.63 
51.69 
77.74 
64.14 
40.08 
80.64 
42.61 
53.91 
38.25 
49.37 
67.38 
49.56 
66.56 

so.  72 
62.69 
43.30 
67.43 
48.47 
57.47 
38.43 
30.02 
53.06 


I27.41 
53.86 
20.07 
33.40 
43  35 
38.4 
34.78 
57.59 
42.10 
36.44 
27.04 
36.49 
32.60 
31.33 
34.19 
47.84 
42.30 
34  37 
34  33 
78.12 
53.77 
38.31 
36.15 
33  73 
43-71 
36.75 
33.81 
41.48 
64.60 
32.94 
41.44 
50.04 
61.80 
26.16 
37.48 
40.36 
30.47 
24.77 
37-33 
48.91 
12.66 
42.93 
23.  SO 
28.8s 
18.36 
44.01 
29.86 
42.05 
29-51 
36.39 
28.38 
23.15 
54. 70 


$  9.26 
16.83 
4.31 

10.49 
7.99 

11.66 
16.57 
6.33 
8.55 

22.15 
7 
9  35 

10.  2S 

15 

13.09 

11.83 

8.02 

8.07 
9.37 

11.40 

18.13 

15.84 

17.70 

26.04 

13-01 

13.37 

7.61 

12.49 

25.  IS 

6.09 

19.34 

6.19 

14.41 

7.19 

9.63 

9. 59 

11.53 

10.62 

16.57 

13.81 

'  6.41 

10.35 

10.00 

21.95 

10.58 

19.38 

6.93 

11.38 

5. 43 

7.17 

9.40 

9.48 

13.19 


$17-3S 
18.8s 
17.50 
17.10 
17.75 
17-50 
17.50 
17.50 
17.50 
17.  SO 
17.50 
17.36 
18.61 
17.00 
18.93 
18.57 
19.30 
16.75 
17.00 
25.00 
17.00 
17.00 
17.85 
16.75 
17.61 
17.10 
16.90 
18.16 
25.00 
17.36 
1716 
21.96 
25.00 
16.50 
16.83 
25.00 
17.00 
16.50 
17.00 
17.14 
17.81 
18.00 
16.75 
17.00 
20.33 
17.75 
19.17 
25.00 
16.67 
17.00 
16.50 
16.75 
16.50 


t   70 

96 

40 

93 

9 

7 

69 

95 

67 

83 

68 
74 
91 
97 

IJ9 
83 
85 

121 

113 
83 

102 
97 

10 1 
93 
76 
83 

141 
70 
95 

112 

US 
56 

IIO 

67 

77 
57 
86 
112 
50 

lOI 

61 
70 
59 

108 
60 
95 
66 
84 
59 
45 

104 


ISI.S7 


$35.65 


$11.25 


$18.23 


$80.24 


$  91  39 

IIO.S4 
74  61 

114  94 

128.82 
92.82 
97.18 
79-95 
70.99 

102 . 30 
76.20 

127.06 

106.58 
92.00 

140.48 
99.88 

169.92 
96.45 
92.83 

125.66 

10S.6S 
90.99 

141.51 
85.53 

120.81 
92.60 

100.88 
84.64 

157.13 
83.09 
90.50 

119.64 
97.38 
79.01 

148.22 
79.33 

100.35 
73.85 

102.47 

304.54 
95.79 

121.08 
79.39 
75.19 
96.90 

112.11 

10A.29 

116.13 
85 .30 

110.93 
80.86 
67.31 
91.03 


$.356 
.422 
.257 
.371 
.315 
.351 
336 
.428 
.361 
.361 
.228 
.333 
.293 
.362 
.288 
.439 
.283 
.312 
.382 
.433 
.430 
.418 
.296 
.484 
.302 
.434 
.333 
.423 
.420 
.301 
.470 
.386 
.485 
.289 
.345 
.302 
.362 
.267 
.318 
.341 
.173 
.406 
.283 
.391 
.257 
.446 
.234 
.346 
.298 
.294 
.270 
.259 
-458 


$i.as 
1.46 
.89 
1.39 
1. 18 
1.26 

1. 15 
1. 51 
1.29 
i.a7 

.84 
1.07 
1.04 
1.36 
1.03 
1.49 
1.04 
1. 18 
1.33 
1.54 
1.59 

1.06 
1.75 
1. 13 
1.56 

\:'4 

1.44 
1.34 
1.57 
1. 41 
1.76 
1.03 
1.34 
1.07 

1.33 

1.13 

1. 16 
1.35 

.83 
1. 31 
1.06 
1.37 

.89 
1.50 

.81 
i.ao 

1.33 

1.08 
.97 
92 

1.6s 


$100.63 


$.333 


$1.21 -f 


are  combined  into  one  item.  The  net  cost  per  c»w  is  obtained  by  de- 
ducting the  average  value  of  calf  and  manure  in  any  particular  herd, 
from  the  sum  of  feed  cost,  fixed  cost,  hauling  cost,  and  interest  on  invest- 
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ment  in  cow.  The  cxjst  of  one  pound  of  butter-fat  or  one  hundred  pounds 
of  milk,  therefore,  is  determined  from  the  yield  of  each  cow  and  the  net 
cost  of  keeping  her  for  a  year. 

The  significant  thing  in  this  study  of  milk  production  is  the  opportunity 
offered,  through  test  assodation  records  of  the  herds  involved,  to  deter- 
mine the  costs  that  each  cow  bears  and  consequently  the  relation  of  her 
scale  of  production  to  profit.  Few  reports  thus  far  made  have  carried 
the  comparison  of  all  costs  to  the  individual.  The  methods  of  calculation 
and  tabulation  used  here  seemed  best  suited  to  this  particular  problem, 
although  they  might  not  be  so  applicable  under  other  conditions. 

HERD  AVERAGES 

The  average  yields  and  costs  in  each  herd  and  in  all  herds  are  given 
for  reference  in  Table  3.  The  general  facts  of  interest  on  production, 
cost,  and  profit,  are  given  in  condensed  form  in  Table  4.  It  is  shown 
that  the  cost  per  cow  for  producing  6621  pounds  of  milk  was  $80.24,  or 
$1.21  per  hundred  pounds.  The  average  value  of  the  product  was  $100.63 
per  cow.  Deducting  the  cost  of  producing  the  milk  from  the  amount 
received,  an  average  profit  of  $20.39  per  cow,  or  31  cents  per  hundred 
pounds  of  milk,  was  made.  On  the  same  basis,  a  pound  of  butter-fat  cost 
33.3  cents.  The  average  selling  price  of  milk  in  all  herds  was  $1.52  per 
hundred  pounds,  and  the  average  profit  was  31  cents  per  hvmdred  potmds. 


TABLE  4.    Average  Production,  Cost  of  Production,  and  Profit,  tor  834  Cows 


Item 


Pro- 
duction 
per  cow 
(pounds) 


Cost 


Milk  yield. 
Butter-fat. 


6,621 
241 


Per 
cow 


Per 
100 

pounds 
milk 


Per  I 

pound 

butter-fat 


Cost  of  feed 

Fixed  costs 

Interest  on  investment  in  cow  plus  hauling 
costs  per  cow 


Total  gross  cost  of  production . 
Credit  by  calf  and  manure . .  . . 


Net  cost  of  production. 
Value  of  production .  .  . 


Average  profit . 


$51.57 
35  65 

11.25 


$98.47 
18.23 


$  80.24 
100.63 


$20.39 


$  .78 

.54 

.17 


$1.49 

.28 


$1.21 
I  52 


$  .31 


$.214 
.148 

047 


409 
076 


333 
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Fig.  6i. —  Rdaiion  of  cosi  of  feed,  cost  of  keep,  and  value  of  product,  to  yield  of  milk 

YIELD,    COST,   AND  PROFIT 

Pacts  of  considerable  interest  are  emphasized  in  Table  5,  in  which  the 
cows  are  grouped  according  to  milk  yield  in  order  to  show  the  relative 
profit  of  individuals  having  different  abilities  for  production.  In  this 
respect  the  table  is  self-explanatory  except  with  regard  to  the  first  group. 
Of  the  159  cows  producing  5000  potmds  of  milk  or  less,  only  13  gave  less 
than  3000  poimds  a  year.    Four  of  these  were  more  than  four  years  old. 

The  average  cost  of  feed  per  cow  was  $51.57,  or  64  per  cent  of  the  net 
cost.  The  statement  has  been  made  that  **  the  products  sold  from 
the  average  cow  little  more  than  pay  for  the  feed."  *  The  average  pro- 
duction of  the  first  group  coincides  closely  with  the  average  yield  of  a  cow 
in  New  York  State.     In  this  group  there  was  a  profit  of  $6.04  per  cow. 

*  Some  iniportant  factors  for  success  in  general  farming  and  in  dairy  farming.     By  G.  P.  Warren.     ComeU 
Univ.  Agr.  Exp.  Sta.     BtU.  349  '.684.    1914 
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This  low  production  was  due  to  some  extent  to  the  large  proportion  of 
cows  in  the  group  coming  from  herds  3  and  11,  in  which  fe^,  labor,  and 
investment  costs  were  imusually  low  (Table  8,  page  642).  In  view  of 
these  facts,  Table  5  indicates  not  only  the  financial  peril  inherent  in  the 
ownership  of  average  cows,  but  also  the  greater  relative  efficiency  of  cows 
as  their  production  increases. 

TABLE  5.    Relation  of  Yield  to  Cost  and  Profct  for  834  Cows.    Comparison 
OF  Groups  of  Different  Productive  Ability 


Group 

Num- 
ber 
of 

cows 
in 

group 

Aver- 
age 
pro- 
duction 

Net 
cost  of 

pro- 
duction 

Value 

of 
product 

Profit 
per 
cow 

Net 

cost 

per 

100 
pounds 
of  milk 

Profit 

per 

100 
pounds 
of  milk 

5.000  pounds  or  less 
5,001-7,000  pounds 
7,001-9,000  pounds 

9.001  - 1 1 ,000  pounds 
Over  11,000  pounds 

159 
360 

84 
17 

4»i6i 
5.993 

9.763 
12,377 

$  57.20 

74.40 

92.00 

109.00 

112.60 

$  63.24 

91.09 

119. 21 

148.39 
188.13 

$6.04 
16.69 
27.21 

39-39 
75.53 

$137 
1.24 
1. 17 
1. 12 

.91 

.35 
.40 
.61 

Total 

834 

6,621 

$  80.24 

$100.63 

$20 139 

*$i:2i 

Average 

I.3I 

miscellaneous  herd  costs 

In  determining  the  herd  costs  on  the  different  farms,  certain  data 
became  available  which  are  given  for  reference  in  Table  6.  While  the 
results  from  one  farm  are  in  no  way  conclusive,  the  variety  and  distri- 
bution of  the  farms  enumerated  is  of  such  a  nature  as  to  give  considerable 
weight  to  the  averages.  The  total  amount  of  milk  delivered  from  the 
fifty-three  farms  was  6,582,183  pounds,  and  this  amount  is  used  later 
as  the  basis  for  computing  the  cost  of  hauling.  From  the  total  man 
and  horse  labor,  it  is  possible  to  find  the  amount  of  each  required  per 
cow  or  per  farm. 

Hauling  costs 

The  cost  of  hauling  on  different  farms  affords  some  striking  contrasts, 
due  to  the  amount  hauled  and  the  length  of  haul.  A  tabulation  of  the 
Gosts  for  hauling  is  summarized  in  Table  7.  The  average  length  of  haul 
was  2.14  miles,  at  a  cost  of  5.5  cents  per  hundred  pounds  per  mile.  The 
average  cost  on  aU  farms  of  man  and  horse  labor  to  deliver  one  hundred 
pounds  of  milk  was  11.7  cents.  Of  this  amount  4.8  cents  was  expended 
for  man  labor  and  6.9  cents  for  horse  labor.  The  average  hauling  cost 
per  farm  per  year  was  $145.16. 
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The  distance  to  market  and  the  condition  of  the  loads  are  important 
considerations  to  the  dairyman  who  must  make  daily  deliveries.  A  long 
haul  is  obviously  expensive,  tmless  the  amount  of  milk  delivered  is  rel- 


TABLE  6.~  MiscBLLANBOUs  Herd  Costs 


Herd 
number 


Num- 
ber 
of 

cows 


Milk 
hauled 
(pounds) 


Number 
of 


hauled 


Man 

UbOT 
hauling 


Horse 
labor 


Cost.for 
hftMling 

100 
pounds 


Man 

labor 


Value 
ofbttU 


Net 

cost  of 

bull 


I 

2 

3 

4 

5 

6 

7 

8 

9 

XO 

II 

la 

13 

14 

17 

18 

X9 

20 

21 

22 

23 

34 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

II::::: 
II:::: 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

SO 

SI 

S2 

S3 

Total 
Average 


152,7x8 

61,760 

338.984 

1x4,288 

x86,52i 

138.532 

133,826 

78,146 

62,478 

124,793 

72.683 

96.886 

1X6,579 

X38,X37 

X34,970 

86,420 

147.434 

86,335 

X 14. 958 

166, oil 

X06.875 

82.485 

244.820 

102,550 

240.673 

1x9.360 

208,447 

90,091 

168,495 

X53.867 

125.858 

230,557 

X00,37X 

77,278 

123.458 

77,394 

51*496 

45.577 

59,562 

7S,X7X 

164,070 

1x3,178 

69.310 

107,981 

1x3.538 

5X.974 

168.404 

X 22. 293 

125. 77X 

196,995 

X04,X62 

XX9,I74 

88,489 


a. 00 
4.00 

.25 
4.00 
a. 50 
8.50 
4.00 
x.oo 
a. 
3.00 
I. SO 
I. so 
5. 00 
a. GO 
3.00 
1. 00 
1.50 

.25 
x.oo 
x.oo 

4.00 

3.00 
4.00 
3.00 
3.00 

5.00 
2.00 
x.oo 
4.00 
.25 

3.00 
.25 

3.00 

2.00 
X.OO 

.25 
I. as 
3.00 
a. 00 
x.oo 
4.00 
X.50 
2.50 
3.50 

.so 
x.50 
1. 00 

.50 
1.50 
x.50 
2.50 
3.00 

X.OO 


I  81  00 
49.50 

54-75 
49.50 
40.95 
8X.90 

1x7.00 
X8.7S 
36.  IS 

136.50 
27.30 
27. IS 
42.75 

109.50 
54.60 
54. 75 
21.30 
21.75 
30.30 
54.75 
83.25 
68.25 

X3S.00 

X64.25 
90.00 
82.35 
56.25 

I36!87 
27.30 

135. 00 
27.4s 
51. 00 
22.80 
54.75 
31. SO 
27.30 


57.30 
54.75 
54. 00 
36.55 
40.50 
X44.0O 
45.00 
42.75 
23.75 
54-75 
40.95 
49.50 
A2.00 
02.10 

54.75 


$  64.80 

79.20 

87.60 

79.20 

65.52 

131.04 

187.20 

X5.00 

28.92 

2x8.40 

21. 84 
43.44 
68.40 

X7S.20 

87.36 

43.80 

25.56 

•  34.80 

t& 

133.20 

X09.20 
2x6.00 
262.80 
144.00 
X3X.76 
90.00 
87.60 

2x9.00 

43.80 
ai6.oo 
ax. 96 
93.60 
36.48 
43.80 
as.ao 
43.80 


45.82 
43.80 
43.20 
56.88 
43.20 
230.40 
72.00 
68.40 
27.00 
43.80 
32.76 
59.40 
67.20 
99.36 
87.60 


I.  X05 

.208 
.042 
.113 
.057 
.X54 
.227 
.043 
.104 
.284 
.068 
.073 
.095 
.206 
.105 
.XX4 
.032 
.066 
.069 
.086 
.203 
.2x5 

:itl 

.097 
.179 
.07c 
.158 
.2x1 
.046 
.279 

.02X 
.144 
.077 
.080 
.073 
.138 
.156 

.173 
.X3X 
.059 
.083 
.X2X 

.347 
.X03 
.2x4 
.030 
.o8x 
.059 
.055 
.105 
.X35 
.i6x 


1383.2s 
278.55 
710.25 
329.25 
575.25 
438.75 
396.00 
383.2s 
364.95 
382.50 
X09.3S 
243.80 
297.75 
473.25 
329. XO 
2x6.00 
280.50 
ax6.30 
370.80 
756.75 
328.50 
41X.30 
465.7s 
451.35 
S9X.0O 
355.65 
544.50 
278.00 
328. sc 
465.60 
462.7s 
994.65 
361.35 
204.90 
246.30 
a9i.oo 
136.95 
133.65 
a32.S0 
264.30 
259.00 
293.40 
130.20 
397.95 
125. XO 
x6s.oo 
287. 55 
355.50 
382. so 
546.75 
259.87 
417.37 
576.00 


$  75.00 
100.00 
100.00 
xoo.oo 
40.00 
50.00 
50.00 
50.00 

50.00 

75. 00 

75.00 

35. 00 

50.00 

25.00 

100.00 

xoo.oo 

45. 00 

30.00 

200.00 

1,200. 00 


35. 00 
75.00 
xoo.oo 
40.00 
75. 00 
100.00 
xoo.oo 

XIO.OO 

75.00 

75. 00 

250.00 

250.00 

35.00 

xoo.oo 

xoo.oo 

75. 00 


75. 00 
85.00 
SO. 00 
70.00 
xoo.oo 


aoo.oo 


80.00 
75. 00 
SO. 00 
75.00 
75. 00 


128.75 
ao.oo 
40.00 
20.00 
30.00 
40.50 
22.50 
17.50 
X7.7S 
X3.75 
28.7s 
48.75 
32.50 

21.25 

30.00 
20.00 
32.25 
31.50 
40.00 
50.00 
13.00 
26.75 
50.75 
35. 00 
32.00 
33.75 
30.00 
52.00 
45.50 
28.75 
38.75 
77.50 
87.  SO 
21.75 
47.00 
23.36 
27.75 
9.00 
6.75 
6.00 
a3.7S 
47.25 
32.50 
23.50 
35.00 
8.00 
54.00 
13.00 
34.00 
33. 75 
27.50 
X6.7S 
31.75 


834 


6,58a, X83 


1x3.50 

a. 14 


$3,x6o.87 


14. 532.38 


1.1X7 


1x9,280.29 


5,080.00 
|xo8.09 


lx.659.36 
31.31 


atively  large.  Long  hauls  with  small  amounts  are  the  most  expensive, 
and  large  amounts  with  short  hauls  are  the  least  expensive,  per  hundred 
pounds  of  nulk. 
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Fig.  62. —  Delivering  milk  at  a  cheese  factory  in  Jefferson   County  where  seventy 
thousand  pounds  of  milk  are  received  daily 

TABLE  7.    Hauling  Costs  per  Farm.    6,582,183  Pounds  of  Milk  on  53  Farms 


i 
Number 
of  hours 
yearly 

Cost 

Per 

100 

potmds 

milk 

Man  labor 

398 
713 

$  59.64 
85.52 

$.048 

Horse  labor 

.069 

Total 

I, III 

$145.16 

$.117 

Average  length  of  haul,  2.14  miles 
Rate  per  nrne,  $.055  per  100  potmds 


Cost  of  labor  in  caring  for  herd 

A  disadvantage  frequently  charged  against  dairying  is  the  confinement 
and  long  hours  of  labor  necessary  in  the  work.  The  records  available 
show  that  on  the  farms  studied,  where  the  average  number  of  cows  per 
farm  was  15.7,  it  took  25.4  hours  of  man  labor  and  45.4  hours  of  horse 
labor  to  deliver  the  product  of  one  cow  for  a  year.  In  the  care  of  cows 
about  the  farm  and  stable,  each  cow  required  154.5  hours  a  year.  This 
is  equivalent  to  25.4  minutes  per  cow  per  day,  which  checks  closely  with 
common  observation  and  practice.  The  average  labor  cost  for  care  was 
$23.12  per  cow.  Horse  labor  on  the  farm  as  related  to  the  herd  was 
covered  in  the  charge  for  farm-grown  feeds. 
41 
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OBSERVATIONS  ON  INDIVIDUAL  HERDS  AND   COWS 

While  averages  are  instructive  and  in  many  cases  conclusive,  much  can 
be  gained  from  this  study  by  considering  in  detail  the  digtribution  of 


TABLE  8. — Comparison  of  Yields  and  Costs  por  Different  Herds 


Herd 
stunber 


Total 
aveiage 

milk 
(pounds) 


Total 
average 
butter- 
fat 
(pounds) 


Total 

cost  of 

feed 


Fixed 
costs 


Interest 
on 

invest- 
ment 

in  cow 
plus 

hauling 
costs 


Value 

of 

manure 

and 

calf 


Net 
cost 


Received 
for 
milk 


Cost 

of  I 
pound 
butter- 
fat 


Cost 
of  100 
pounds 

milk 


17 1     11,476 

23 9,686 

15 1       8,840! 

5 1       7,7641 

18 7,064 

39 1       7. 4451 

• 

4,534| 
5,88x1 

29 1       9.8631 

3a 7,943 

40 1       8,3S7l 


Large  yields  at  low  cost 
$42.2o\       18. 02!     I19.3 
36.1s        17.70        17.8 
34-Z9I       13.091       x8.g 
Feed  costs  high,  labor  and  investment  costs  normal 


433 

188.92 

$42.20 

18.02 

I19.30 

1X19. 84!  1x69.92 

*:J2I 

347 

66.73 

36.1s 

17.70 

17.85 

102.73 

X4X.SI 

3x7 

62.89 

34.  X9 

13.09 

18.92 

9X.25I 

140.48 

.288 

IX.O: 


1.03 


Medium  yields  at  fair  cost 

29X1     IS8.0S|     l43.3S|       l7.99|     1X7. 7S| 
266        57.43        34.37  8.07         16.75 

37x1       49.371       37.331        16.57I        17.00I 
Most  costs  near  the  average 


I91.64I  I128.82I 
83.12  96.4s 
86.27I     102.471 


l.3XS| 
.3x2 
.3X81 


Large  yields  at  high  cost 


3371  I76.8SI 
290  77.74 
33x1       67.38I 


$64,601 
SO.  04 
48.9x1 


I2S.XS 
6. 19 
13. 81 


I25.00I 
21.96 
17.X4I 


141.60) 

1X2. 01 
XI2.96I 


Peed,  labor,  and  investment  costs  much  above  the  average 


1x57.  X3| 
XX9.67 
204.54! 


1.4201 
.386 
•34x| 


Ix.x8 
X.18 
x.x6 


• 

Low  yields  at  low  cost 

3 — 

4, 5241 

xs6     I33.33      I20.07        t4.2x|     I17.SO     I40.11     I74.61 
2x7       32. 6x        27.04          7.22I       17.50       49.37       76.20 

1.257 

1.89 

XX.  .  .  . 

5,88x1 

.228 

.84 

Peed,  labor,  and  investment  costs  much  below  the  average 

II.44 
1. 41 

X.3S 


TABLE  9.— Herds  PRODuaNO  Milk  at  Less  than  90  Cents  per  100  Pounds 


Herd  &umber 


Total 
average 

milk 
(pounds) 


Total 
average 

butter- 
fat 
(potmds) 


Total 

cost  of 

feed 


Net 
cost 


Received 
for 
milk 


Cost 
of  X 
pound 
butter- 
fat 


Cost 
of  100 
pounds 


Breed* 


3 

XX 

4X 
45 
47 


4,534 
5.88X 

6,132 

6,68x 

7,494 


IS6 

2X7 

394 
33  X 
360 


I33.33 
32. 6x 

49.56 

50.72 

43.30 


I40.XX 
49.37 

50.82 

59.34 

60.92 


l74.(5 
76.2 


I74.6X 
.20 


95. 79 
96.90 
104.29 


1.257 
.228 

.X73 

.257 

.234 


1.89 
.84 

.83 

.89 

.81 


Scrubs 

Grade  AYrshiree  and 

Holsteins 
Orade  and  registered 

Jerseys 
Grade  and  registered 

Hclsteins 
Roistered  and  grade 

Hclsteins 


*  See  discussion  of  herds  3  and  4X,  poges  644  ^^^  648,  respectively. 


costs  in  the  different  herds,  and  their  relation  to  yield  and  profit.  The 
same  may  be  said  regarding  the  records  of  individual  ccws.  In  Table  8 
eleven  herds  are  roughly  grouped  according  to  yield.    Using  the  average 
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of  the  fifty-three  herds  as  a  basis,  the  nature  of  the  costs  in  each  group  is 
indicated.  In  Table  9  five  herds  are  listed,  comprising  119  cows,  in  which 
the  average  cost  of  producing  milk  was  less  than  90  cents  per  himdred 
pounds.  Economical  feeding  and  low  fixed  costs  made  this  possible.  In 
Table  10  the  records  of  five  cows  are  compared  in  such  a  way  as  to  show 
marked  differences  in  yield  and  relative  individual  efficiency  in  producing 
milk  and  butter-fat. 

TABLE  10. —  Yields  and  Costs  for  the  Best  and  the  Poorest  Cows 


Item 
Number  of  herd 

Comparison  based  on 

Cost  of  milk 
47                  53 

Coat 
of  butter-fat 

41                    53 

Yield  of  milk 
17                   3 

Number  of  cow , , , 

9 
10,251 

65.11 
141-31 
.196 
.54 
76.20 
Grade 
Holsteins 

15 

3,432 

128 

I35.93 
82.12 

— 38^68 

Grade 

Holsteins 

I 
11.875 
*4S7 
$  63.02 

Registered 
Jerseys 

IS 
3,432 
128 
I35.93 

82.12 

«:& 
-3l:iS 

Grade 
Holsteins 

8 
15,391 

I104.61 

137.28 

228.93 

.253 

.89 

Grade 
Holsteins 

48 

Total  milk  (pound.s) 

Total  butter-fat  (pounds) . 

Total  cost  of  feed 

Net  cost  of  keep 

1,793 
90 
I16.80 
21.47 

Received  for  milk 

Cost  of  I  pound  butter-fat. 
Cost  of  100  pounds  milk. . 
Profit  or  loss 

34.16 
.238 
1. 19 
12.69 

Breed 

Scrubs 

Note  the  contrast  between  cows  9  and  15,  for  which  the  difference  in  the  cost  of  100  pounds  of  mill: 
was  fi.85;  between  cows  1  and  15,  for  which  the  difference  in  the  cost  of  one  pound  of  butter-fat  was 
48.9  cents;  between  cows  8  and  48,  for  which  the  difference  in  yield  was  13.598  pounds. 

PROFIT  OR  LOSS 

Seven  of  the  fifty-three  herds  were  kept  at  a  loss.  The  total  net  cost 
for  the  97  cows  in  these  seven  herds  was  $10,164.04.  The  actual  receipts  for 
their  product  amounted  to  $8828.33,  entailing  a  loss  of  $1335.71.  In 
nearly  every  case  these  herds  were  below  the  average  for  all  herds  on 
milk  yield,  while  their  average  fixed  cost  was  36  per  cent  above  the  average 
for  all  herds.  Their  failure  to  pay  expenses  was  probably  due  in  some 
cases  to  poor  management. 

While  a  consideration  of  the  average  of  all  cows  included  in  this  study 
shows  a  profit,  it  should  not  be  assumed  that  all  were  profitable.  As  a 
matter  of  fact,  161  cows,  or  19  per  cent  of  the  834,  failed  to  balance  their 
account,  causing  a  loss  to  their  owners  .of  $1799.87,  or  $11.18  per  cow, 
on  the  basis  of  net  cost  and  acttial  receipts  for  the  cows  concerned.  The 
average  milk  shield  of  these  cows  was  5334  pounds  and  their  butter-fat 
production  was  195  pounds.  Both  the  milk  yield  and  the  butter-fat 
production  were  19  per  cent  below  the  average,  while  all  costs  slightly 
exceeded  the  average.  One  hundred  potmds  of  milk  cost  $1.68  and  one 
pound  of  butter-fat  cost  45.8  cents. 
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In  the  case  of  143  of  the  161  unprofitable  cows',  the  age  of  the  cow 
was  known.  Of  these  143  cows,  28.6  per  cent  were  two  years  old,  19.7 
per  cent  were  three  years  old,  and  51.7  per  cait  were  four  years  old  or 
older.  The  average  milk  yields  for  the  various  groups  were  5194,  4895, 
and  5568  pounds,  respectively.  Thus  it  is  seen  that  in  the  unprofitable 
group  older  cows  predominated,  with  a  production  not  much  greater 
than  that  of  the  two-years-old  cows.  Obviously  the  young  cows  cannot 
be  considered  as  appreciably  aflEecting  the  unprofitable  group. 

HERD  MANAGEMENT 

On  the  average  there  is  a  slight  profit  in  most  herds.  Some  rather 
low-yielding  cows  have  made  a  better  showing  than  others  with  a  much 
better  production.  It  should  be  borne  in  mind  that  poor  management 
and  a  poor  feed  supply  may  easily  offset  a  cow's  natural  inclination  to 
make  a  good  record.  •  There  are  good  cows  and  poor  cows  in  most  herds. 
Some  managers  are  skillful  in  adjusting  the  costs  so  that  low-producing 
cows  may  show  a  profit;  others,  with  cows  of  good  tj^  and  perform- 
ance, may  feed  sparingly  but  allow  other  expenses  to  absorb  the  profits. 
Good  cows  with  liberal  feeding  will  usually  show  a  profit  unless  they  are 
charged  too  much  for  needless  labor,  care,  and  housing. 

The  equipment  and  management  of  each  farm  is  reflected  in  the  herd 
performance.  Much  interest  and  real  profit  could  be  derived  if  every 
herd  record  could  be  studied  in  detail.  Of  course  this  is  impossible,  but 
four  herds  have  been  selected  as  types,  a  brief  discussion  of  the  manage- 
ment and  production  of  which  may  partially  answer  the  question  as  to 
whether  or  not  milk  can  be  produced  at  a  profit  under  conditions  in  Jeffer- 
son County,  and  may  incidentally  show  why  some  conditions  are  desirable 
and  others  are  undesirable. 

Herd  3 

The  largest  herd  studied.  No.  3,  comprised  49  inferior  cows  kept  under 
very  insanitary  and  uncomfortable  conditions.  A  hard-worked  tenant 
family  struggled  to  care  for  the  stock  and  the  farm  under  circumstances 
that  were  trying.  Lack  of  equipment  and  of  the  common  appliances  for 
convenience  in  milk  production,  while  great,  were  not  sufficient  to  bestir 
a  comfortable  landlord  to  the  muttial  advantage  of  a  new  order  of 
things. 

The  farm  had  neither  silage  nor  succulent  feed  of  any  kind  for  winter 
use.  Little  effort  was  made  to  balance  the  ration.  The  roughage  was 
common  mixed  hay,  largely  timothy.  The  grain  was  one-half  "  ready- 
mixed,"  supplemented  in  an  aimless  way  with  oats,  gluten  feed,  distillers* 
grains,  and  middlings. 
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Because  costs  were  low,  this  inferior  and  badly  managed  herd  made  a 
fair  showing.  The  average  net  cost  of  100  pounds  of  miUc  was  89  cents. 
The  cheese  factory  being  at  no  great  distance  from  the  farm,  hauling 
charges  were  very  low.  A  cheap  bam,  crowded  to  its  full  capacity,  gave 
low  shelter  cost,  and  little  or  no  bedding  was  used.  Labor  costs  (probably 
underestimated)  would  naturally  be  low  for  reasons  already  mentioned. 
The  dairy  equipment  was  of  little  value.  While  the  herd  may  have 
paid  a  profit,  an  analysis  of  the  conditions  prevailing  gives  the  results 
little  except  a  negative  value.  Had  the  product  been  sold  on  its  merits, 
this  herd  would  have  been  in  the  improfitable  group,  where  it  belongs. 
Forttmately,  most  milk  is  now  produced  under  good  conditions.     It  is 


Fig.  63. —  Cow  31,  herd  3,  The  yearly  record  of  this  cow  was  4833  pounds  of  milk 
and  ig7  pounds  of  hulter-fai.  She  was  considerably  above  the  average  of  the  herd 
in  type  and  performance 

a  regrettable  fact,  however,  that  progressive  dairymen  are  obliged  to  put 
their  honest  efforts  and  wholesome  product  in  competition  with  such  low 
standards. 

Herd  5 
The  returns  from  herd  5  are  not  cited  to  bring  out  anything  exceptional. 
The  farm  is  a  tenant  farm,  with  only  average  equipment  and  facilities, 
which  receives  the  general  supervision  of  a  business  man,  the  owner. 
The  herd  is  made  up  of  23  grade  Holsteins  but  little  better  than  the  average 
of  all  herds  here  considered,  as  is  borne  out  by  the  fact  that  their  average 
milk  yield  was  but  17  per  cent  above  the  average  and  the  cost  of  producing 
one  htmdred  pounds  of  milk  was  2.5  per  cent  below  the  average.     The 


Digitized  by  VjOOQ IC 


646  Bulletin  357 

incxwne  is  from  surplus  grade  stock,  milk,  and  hay,  the  milk  receipts  con- 
stituting the  major  portion. 

A  statement  of  the  owner's  one-half  share  of  net  receipts  for  the  past 
eleven  years  is  given  in  Table  11.  This  shows  a  return  of  5.7  per  cent 
on  the  approximate  investment  of  $12,200.  No  charge  is  made  for  super- 
vision. While  the  receipts  show  a  tendency  to  increase  in  recent  years, 
this  farm,  which  is  evidently  above  the  average,  is  not  an  attractive  in- 
vestment. With  better  cows  and  more  energetic  management,  a  small 
profit  might  be  made. 

TABLE  II. —  Owner's  Share  of  Receipts  from  Herd  5  for  Eleven  Years 

(Tenant  farm) 

Owner's 
Year  share 

1903 $581  00 

1904 703.00 

1905 571.00 

1906 558  00 

1907 952  00 

1908 — 247 .00 

1909 684.00 

1910 802.00 

191 1 1,238.00 

1912 740.00 

1913 1,054.00 

Average $694. 18 

Inventory- 
Live  stock $2,000.00 

Farm  and  improvements 10,000 .00 

Miscellaneous 200 .00 

$12,200.00 
Average  shows  5.7  per  cent  profit  on  $12,200. 


Herd  17 

In  the  records  for  herd  17  (Table  12)  there  is  food  for  reflection.  Seven 
of  the  10  cows  produced  more  than  10,700  pounds  of  milk  each.  The 
average  for  the  herd  was  11,476  potmds  of  milk  and  423  pounds  of  butter- 
fat.  This  group  of  10  cows  produced  milk  at  a  cost  of  14  per  cent  less, 
and  butter-fat  at  a  cost  of  15  per  cent  less,  than  that  of  the  average  of 
all  herds.  Three  members  of  the  herd  produced  jointly  1532  pounds  of 
butter-fat  during  the  year.  The  average  of  the  five  best  yearly  records, 
exclusive  of  association  dates,  is  14,019  pounds  of  milk.  While  the 
average  production  of  this  herd  is  73.3  per  cent  above  the  average  in  this 
study,  the  net  cost  of  producing  is  increased  49.3  per  cent.    The  increased 
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cost  of  production  is  offset,  however,  by  a  profit  145.6  per  cent  greater 
than  the  average.    It  is  obvious,  therefore,  that  it  pays  to  feed  good  cows. 

TABLE  12. —  Records  for  Herd  17 
(Farm  worked  and  managed  by  owner) 


Number  of  cow 

Total 

milk 

(pounds) 

Total 
butter- 
fat 
(pounds) 

Total 

cost  of 

feed 

Net 
cost 

Rec'd 
for 
milk 

Best 
yearly 

milk 
records 

I 

13.922 
12,713 
8,940 
9.371 
12,832 
10,883 
10,748 

15.391 
10,770 

9.193 

493 
411 
321 

373 
498 

408 

541 
410 

349 

$  96.58 
90.51 
84.04 

84.06 
87-85 
104.61 
88.29 
78.14 

$128.79 
122.35 

113-31 
114.44 

120.42 

118.08 
137.28 
119.52 
108.89 

$207.38 
185.68 

138.34 
142.71 

186.79 
159  30 
159.22 
228.93 
158.48 
132.32 

14.536.4 
15. 156.6 

2 

t 

A 

s 

6 

11,715.1 

7 

8 

0 

17,076.2 
11,610.4 

10 

Average 

11,476 

423 

$  88.92 

$119.84 

$169.92 

14,018.9 

Fixed  costs 

Interest  on  investment  in  cow  plus  hauling  costs . 
Value  of  manure  and  calf 


$42.20 

8.02 

19.30 


Pig.  64. —  Five  cows  in  herd  17  whose  best  yearly  milk  records   average  14,018.9 

pounds  ( Table  12) 

Certain  expenses  were  favorable  to  the  herd.     There  was  a  short  haul, 
judiciously  provided  for.     The  bam  was  inexpensive,  but  ample  for  all 
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purposes  pertaining  to  the  cows.  However,  labor  and  feed  freely  given 
have  brought  their  reward,  bearing  out  what  is  obvious  —  that  under 
reasonable  circumstances,  good  cows,  rational  feeding,  and  intelligent 
management  are  the  foundation  of  economic  milk  production.  If  any 
one  of  these  conditions  is  lacking,  disastrous  results  are  likely  to  follow. 

Herd  41 

In  this  herd  of  27  cows,  7  were  three  years  old  and  3  were  too  old 
to  be  very  productive;  therefore  the  relative  production  of  the  herd  as  a 
whole  is  low.    The  data  (given  in  Table  9,  page  642)  are  of  value  as 


Fig.  65. —  Cow  i,  herd  41.     The  best  yearly  record  of  this  cow  was  11,875  pounds  of 
milk  and  457  pounds  of  butter-fat  ( Table  10) 

illustrating  economic  production  from  moderate  yields.  The  cows  were 
registered  and  grade  Jerseys,  with  production  in  keeping  with  their 
breeding.  They  were  sufficiently  well-bred  to  make  good  use  of  their 
food.  The  cost  of  feed  corresponds  closely  with  the  average,  but  a 
very  low  fixed  cost,  especially  for  labor,  reduces  the  net  cost  per  cow. 
The  owner  made  excellent  use  of  an  exceptional  pasture,  and,  being  a 
mature  and  experienced  farmer,  reduced  the  labor  item  without  sacri- 
ficing production.  The  average  profit  per  cow  was  $45.  Milk  was  pro- 
duced at  83  cents  per  hundred  pounds  and  butter-fat  at  17.3  cents  per 
pound.  The  best  cow  gave  11,875  pounds  of  milk,  containing  457  pounds 
of  butter-fat,  in  a  year.  Her  milk  cost  58  cents  per  hundred  pounds  for 
production,  and  the  butter-fat  15.2  cents  per  pound. 
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None  of  the  four  herds  discussed  are  alike  in  breeding,  scale  of  pro- 
duction, or  personal  supervision.  With  the  exception  of  herd  3,  they 
possess  the  elements  of  a  paying  enterprise,  although  herd  17  shows  the 
best  combination  of  factors  for  profit.  In  the  case  of  most  of  the  fifty*" 
three  herds  studied,  changing  one  factor,  or  at  most  two  factors,  in  its 
management  would  change  it  from  a  losing  or  an  indifferent  business  to 
one  of  definite  profit. 

WHY  THE    COSTS  ARE   LOW 

Many  of  the  local  conditions  and  advantages  surrounding  the  herds 
discussed  in  this  study  combine  to  give  relatively  low  average  costs. 
Pasture,  which  is  one  of  the  best  and  cheapest  sources  of  nutriment,  is 
used  extensively.  The  general  use  of  cheap  coarse  fodders  about  the 
farm,  which  could  not  be  profitably  marketed  otherwise,  together  with 
the  use  of  Uberal  amounts  of  farm-grown  grains,  has  materially  reduced 
the  item  of  cost  of  feed.  The  investments  in  building  and  equipment 
are  also  relatively  small.  The  labor  charge,  which  covered  care  of  all 
cows  in  the  herd  whether  they  completed-  their  records  or  not,  should  be 
sufficient  to  offset  any  irregularities  or  losses  incident  to  changing  cows, 
in  so  far  as  these  changes  might  affect  the  ultimate  cost  of  the  product. 

The  enthusiast,  however,  should  be  cautioned  against  seizing  on  these 
conclusions  for  one  county  with  peculiar  local  advantages  as  answering 
the  question  for  the  whole  State.  It  should  be  kept  in  mind  that  the 
cows  here  considered  are  above  the  average  in  production,  and  conse- 
quently are  more  economical  producers.  Under  conditions  prevailing  in 
many  other  coimties  of  the  State,  food  costs  would  be  doubled  for  the 
satne  scale  of  production,  and  other  costs  would  increase  from  20  to  40 
per  cent.  This  would  make  the  cost  of  a  quart  of  milk  from  the  average 
cow  considerably  more  than  the  producers  receive  for  it. 

SUMMARY 

The  following  conclusions  ^  to  costs  incident  to  milk  production  are 
based  on  a  study  of  the  individual  cow,  and  the  milk,  butter-fat,  feed, . 
cash  receipts,  labor,  investment  records,  and  other  data,  per  cow,  for 
834  dairy  cows  with  full  year's  records  in  fifty-three  dairy  herds  in 
Jefferson  County.  The  results  obtained  from  the  study  are  true  and 
correct  under  the  conditions  indicated  in  the  text.  The  conclusions  may 
or  may  not  be  applicable  elsewhere. 

1.  Seven  of  the  fifty-three  herds  were  kept  at  a  loss  of  $1335.71. 

2.  On  the  basis  of  net  cost  and  actual  receipts,  161  cows,  or  19  per  cent 
of  the  total  number,  caused  a  loss  to  their  owners  of  $1799.87,  or  $11.18 
per  cow. 
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3.  The  average  production  was  6621  pounds  of  milk  and  241  pounds  of 
butter-fat. 

4.  The  milk  was  produced  at  a  net  cost  of  $1.21  per  hundred  pounds, 
and  the  butter-fat  at  33.3  cents  per  poimd. 

5.  The  average  selling  price  of  the  milk  was  $1.52  per  htmdred  pounds, 
the  average  profit  was  31  cents  per  hundred  pounds,  and  the  net  profit 
per  cow  was  $20.39. 

6.  The  average  cost  of  feed  per  cow  was  $51.57,  or  64  per  cent  of  the 
average  net  cost  of  keep. 

7.  The  net  cost  per  cow  was  $80.24  and  the  receipts  were  $100.63. 

8.  The  labor  cost  of  caring  for  each  cow  was  $23.12. 

9.  The  average  cost  of  delivering  100  pounds  of  milk  2.14  miles  was 
1 1. 7  cents. 

10.  The  profit  from  cows  yielding  10,000  pounds  of  milk  a  year  was 
51  per  cent  greater  thstn  from  those  yielding  6000  pounds. 
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Ithaca,  New  York,  February  9,  1915 

Director  B.  T.  Galloway, 

College  of  Agriculture, 

Ithaca,  New  York, 

Dear  Sir: 

In  accordance  with  the  terms  of  the  Industrial  Fellowship  agreement 
with  the  C.  W.  Stuart  Company,  of  Newark,  New  York,  and  with  the 
terms  of  the  Investigatorship  agreement  with  the  nursery  firms  of  C.  W. 
Stuart  Company  of  Newark,  New  York,  Chase  Brothers  Company  of 
Rochester,  New  York,  Brown  Brothers  of  Rochester,  New  York,  and 
Jackson  &  Perkins  of  Newark,  New  York,  I  beg  to  submit  herewith 
a  report  of  investigations  of  some  important  leaf  diseases  of  nursery 
stock  with  the  recommendation  that  it  be  published  as  Bulletin  358 
of  the  Cornell  University  Agricultural  Experiment  Station. 

The  work  has  been  done  by  Professor  V.  B.  Stewart,  and  represents 
experimental  work  and  investigations  extending  from  the  year  1909  to 
the  present  time.  During  the  summer  months  the  work  has  been  done 
in  the  nurseries  of  the  firms  mentioned  above;  much  of  it  in  the  C.  W. 
Stuart  Nursery  at  Orleans,  New  York,  and  the  Chase  Brothers  Nursery 
at  Honeoye  Falls,  New  York. 

Respectfully  submitted, 

H.  H.  Whetzel, 
Professor  of  Plant  Pathology. 
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SOME  IMPORTANT  LEAF  DISEASES  OF  NURSERT  STOCK 

Vern  B.  Stewart 
introduction 

It  is  the  purpose  to  discuss  briefly  in  this  bulletin  the  various  diseases 
affecting  the  foliage  of  nursery  stock  as  grown  in  New  York  State,  and, 
as  far  as  possible,  to  offer  suggestions  for  prevention.  The  nursery  busi- 
ness is  a  somewhat  specialized  industry,  and  only  a  very  few  students 
of  phytopathology  have  had  an  opportunity  to  devote  much  of  their 
attention  to  diseases  as, found  in  nursery  plantings.  This  has  been  the 
situation  particularly  throughout  the  past  fifteen  years.  Previous  to 
that  time  ^nie  of  the  pioneer  pathologists  of  this  country  conducted 
numerous  investigations  for  the  control  of  leaf  diseases  of  nursery  stock. 
Among  these  were  B.  T.  Galloway,  D.  G.  Fairchild,  and  F.  L.  Scribner, 
working  for  the  United  States  Department  of  Agriculture.  L.  H.  Pammel, 
of  the  Iowa  Agricultural  Experiment  Station,  also  experimented  on  the 
control  of  various  diseases  appearing  in  the  nurseries  of  Iowa.  The  work 
of  these  men  covered  a  period  of  years  and  is  of  much  importance,  especially 
that  of  Doctors  Galloway  and  Fairchild,  who  conducted  most  of  their 
investigations  in  the  nursery  district  around  Geneva,  New  York.  Many 
of  the  methods  of  control  suggested  by  these  investigators  are  still  in 
use  to-day,  and  have  been  very  effective  in  reducing  the  annual  losses 
suffered  by  nurserymen  because  of  diseased  stock. 

The  nursery  business  is  one  of  the  most  important  specialized  agri- 
cultural industries  of  New  York  State.  The  growing  interest  in  land- 
scape gardening  and  the  tendency  toward  more  extensive  orchard  planting 
have  caused  a  rapid  growth  in  the  nursery  industry  of  this  country.  The 
figures  recently  published  in  this  connection  by  the  Division  of  Statistics, 
Bureau  of  the  Census  (19 12),  are  of  special  interest.  The  total  value 
of  nursery  products  reported  from  5582  establishments  in  1909  was 
$21,051,000;  this  was  an  increase  of  591  establishments,  or  11. 8  per  cent, 
and  $10,927,000,  or  107.9  P^r  cent,  in  ten  years.  In  1909  the  Middle 
Atlantic  States  ranked  first,  with  products  valued  at  $4,355,000  as  com- 
pared with  $2,523,000  in  1899  —  an  increase  of  $1,832,000,  or  72.6  per 
cent,  during  the  decade  from  1899  to  1909.  Although  the  number  of 
establishments  reporting  nursery  products  was  greatest  in  the  northeastern 
Central  States,  being  here  11 59,  this  section  ranked  fourth  in  value  of 
products,  being  excelled  by  the  Middle  Atlantic,  northwestern  Central, 
and  Pacific  divisions.    In  percentage  of  income  the  Pacific  States  ranked 

{1913)  Press  notice,  Division  of  Statistics,  Bureau  of  the  Census.    June  2$,  X9I3. 
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first,  with  377  per  cent;  the  southwestern  Central  States  seccmd,  with 
179.4  per  cent;  and  the  south  Atlantic  States  third,  with  11 7.4  per  cent. 

The  three  States  ranking  highest  in  value  of  nursery  products  in  1909 
were:  New  York,  $2,751,000;  California,  $2,213,000;  and  Texas,  $1,253,000. 
The  order  in  1899  was  New  York,  Iowa,  Illinois.  An  increase  in  value 
of  nursery  products  is  reported  from  all  States  except  Maine,  Vermont, 
Virginia,  and  South  Carolina;  no  increase  is  reported  from  the  District 
of  Columbia.  In  the  State  of  Washington  the  value  of  products  in  1909 
was  almost  twenty  times  as  great  as  that  in  1899. 

The  nursery  business,  like  all  industries,  demands  attention  directed 
along  certain  lines  that  tend  to  promote  its  progress  and  advancement. 
The  important  problem  confronting  nurserymen  of  to-day  is  the  pro- 
duction of  the  greatest  amount  of  first-class  stock  per  acre  of  Jand  within 
the  shortest  period  of  time.  The  market  sets  certain  standards  of  quality 
and  size,  and  in  order  that  a  financial  gain  may  be  realized  the  develop- 
ment of  this  stock  must  be  encouraged  so  that  it  will  be  marketable  as  soon 
as  possible.  Such  conditions  as  weather,  soil,  amoimt  of  cultivation,  and 
presence  of  certain  destructive  diseases,  are  some  of  the  factors  that 
influence  the  development  of  nursery  plantings.  Of  particular  importance 
is  the  eflEect  of  various  plant  diseases  and  insects.  The  stock  may  have 
developed  very  rapidly  and  be  perfectly  healthy,  when  within  a  very  short 
time  conditions  may  change  and  the  plants  become  seriously  injured  or 
totally  ruined  by  some  destructive  disease  or  insect. 

The  losses  in  the  nursery  caused  by  diseases  are  often  very  heavy.  Some 
diseases,  such  as  fire  blight,  completely  destroy  the  stock  attacked  imless 
the  disease  is  eradicated  by  cutting  out  the  affected  parts.  Other  diseases 
affect  only  the  foliage  and  are  a  menace  to  nursery  stock  by  causing 
the  leaves  to  fall  prematurely,  thus  retarding  the  development  and  growth 
of  the  plants.  Not  only  does  this  condition  make  it  necessary  for  a  longer 
time  to  elapse  before  the  stock  is  salable,  but  premature  defoliation  also 
prevents  proper  maturation  of  the  trees  and  makes  them  less  able  to 
withstand  winter  injury,  adverse  conditions  encountered  in  storage, 
and  the  Uke. 

The  control  of  leaf  diseases  in  nursery  stock  offers  a  problem  for  special 
consideration.  Methods  commonly  practiced  for  the  prevention  of 
diseases  of  older  and  maturer  plants  are  in  many  cases  not  applicable 
to  the  smaller  stock  in  the  nursery,  while,  on  the  other  hand,  in  many 
cases  certain  methods  of  control  can  be  carried  out  in  the  nursery  which 
could  not  be  used  in  the  treatment  of  mature  plants.  The  latter  con- 
dition is  particularly  emphasized  in  the  control  of  diseases  affecting  such 
stock  as  roses  or  currants.  Applications  of  fungicides  that  mar  the 
beauty  of  the  rose  blossoms  are  permissible  only  in  the  ntu-sery,  where 
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blossoms  are  not  desired  owing  to  their  tendency  to  check  the  develop- 
ment of  the  young  bushes.  Currants  in  the  nursery  can  be  sprayed  at 
any  time;  on  the  other  hand,  for  older  bushes  it  is  not  desirable  to  spray 
with  a  ftmgidde  that  will  be  apparent  on  the  fruit  when  it  is  picked 
for  the  market. 

The  prevalence  of  certain  diseases  also  differs  with  the  age  of  the  host 
plant.  One  of  the  most  important  diseases  of  orchard  trees  is  the  well- 
known  scab,  and  every  year  it  is  necessary  to  spray  as  a  protection  against 
this,  while  in  the  nursery  the  same  disease  is  seldom  of  any  great  economic 
importance.  The  susceptibility  or  resistance  to  disease  of  seedlings  and 
budded  stock  of  different  ages  is  Ukewise  worthy  of  consideration.  Some 
diseases  may  become  localized  and  be  exceedingly  prevalent  in  one  nursery, 
while  in  another  nursery  district  the  same  diseases  cause  but  little  damage. 
A  satisfactory  means  of  applying  the  spray  mixture  also  demands  special 
attention.  All  these  factors  are  of  much  significance  in  the  control  of 
nursery  diseases.  They  require  methods  particularly  applicable  to  the 
conditions  that  exist,  and  in  many  respects  differ  from  the  ordinary  proce- 
dure followed  by  the  pathologist  in  his  attempt  to  check  these  destructive 
parasites. 

A  large  proportion  of  the  leaf  diseases  affecting  nursery  stock  are 
caused  by  the  low  group  of  plants  known  as  fungi.  Many  species  of 
fungi  are  parasitic,  living  on  other  plants  from  which  they  obtain  their 
food  and  nourishment.  The  plant  attacked  by  the  parasite  is  conmaonly 
designated  as  the  host.  In  an  effort  to  obtain  food,  the  activities  of 
the  fungi  are  usually  such  as  to  cause  severe  injury  to  the  cells  of  the 
host  plant  and  certain  parts  of  the  plant  tissue  are  killed.  When  a  fungus 
attacks  the  foliage,  so  much  of  the  tissue  may  be  injured  that  the  leaves 
are  no  longer  able  to  function  in  the  manufacture  of  food  for  the  plant 
and  fall  prematurely  to  the  ground. 

The  usual  means  of  protecting  the  foliage  from  attacks  of  tliese  parasitic 
fungi  is  by  covering  the  leaf  surface  with  a  fungicide,  or  spray  mixture 
which  is  highly  poisonous  to  the  fungus.  In  spraying  for  the  prevention 
of  a  disease  it  is  necessary  to  keep  in  mind  the  relations  existing  between 
the  host  plant  and  the  fungus  causing  the  disease.  In  general,  conditions 
of  rainfall  and  temperature  that  influence  the  host  affect  also,  to  some 
extent,  the  activities  of  the  fungus.  Each  rainy  period  of  an  ordinary 
summer  season  favors  the  growth  of  the  host  plant,  since  sufficient  moisture 
is  supplied  for  its  development.  On  the  other  hand,  wet  weather  also 
affords  necessary  conditions  for  the  parasite.  Unless  moisture  is  present, 
the  fungus  spores,  by  means  of  which  the  parasite  is  propagated,  are 
unable  to  germinate  and  produce  infection  when  they  fall  on  the  leaves 
of  the  host  plant. 
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Various  kinds  of  spores  require  different  amounts  of  moisture,  but 
in  general  the  fungi  causing  leaf  diseases  produce  the  greatest  damage 
when  a  rainfall  is  followed  by  damp,  cloudy  weather  for  a  period  of  twenty- 
four  hours  or  longer.  Drops  of  water  falling  on  the  leaves  supply  the 
spores  with  moisture  for  germination.  The  spore  sends  out  a  germ  tube, 
which  penetrates  the  leaf  tissue  within  a  few  hours,  and  is  soon  able  to  ex- 
tract its  nourishment  from  the  affected  tissue  and  thus  continue  its  growth. 

After  the  spore  has  germinated  and  the  germ  tube  has  gained  an  entrance 
into  the  tissue,  it  is  impossible  to  check  the  fungus.  For  the  prevention 
of  the  disease,  therefore,  it  is  necessary  to  check  the  parasite  in  its  attacks 
before  it  can  establish  itself  in  the  host.  It  is  by  means  of  the  fungicides 
applied  to  the  healthy  foliage  before  the  conditions  are  suitable  for  the 
development  of  the  fungus,  that  the  latter  is  kept  in  check.  When  the 
spore  germinates,  the  germ  tube  comes  in  contact  with  the  poison,  is  killed, 
and  thus  fails  to  produce  an  infection. 

Unsuccessful  attempts  to  control  certain  disestses  may  often  be  due 
to  failure  to  apply  the  spray  mixture  at  the  proper  time.  It  is  necessary 
to  make  the  application  at  such  intervals  as  will  afford  the  greatest  pro- 
tection to  the  foliage  throughout  the  growing  season.  A  thorough  spraying 
will  protect  the  leaves  for  a  considerable  length  of  time,  but  it  will  not 
be  of  any  value  to  the  foliage  developed  subsequently.  As  long  as  growth 
continues  the  new  leaves  must  "be  sprayed  shortly  after  they  appear. 
The  rate  of  growth  of  the  host  plant,  along  with  the  weather  conditions, 
determines  the  time  for  the  applications  of  the  fungicide.  With  pro- 
longed periods  of  dry  weather  the  plants  do  not  grow  so  rapidly  and  the 
time  interval  between  certain  sprayings  may  be  somewhat  lengthened 
as  compared  to  seasons  when  wet  weather  prevails. 

It  is  of  extreme  importance  to  remember  that  in  order  to  insure  pro- 
tection to  new  foliage,  the  fimgicide  must  be  applied  before  the  rains, 
not  after.  The  fungicides  are  not  washed  off  by  the  rains^  but,  on  the 
other  hand,  when  the  leaves  are  thoroughly  covered,  the  poisonous  com- 
pound acts  as  a  preventive  against  the  attacks  of  the  germinating  spores 
during  damp,  cloudy  weather.  Sprajnng  should  never  be  deferred  or 
discontinued  for  fear  that  the  fungicide  will  be  washed  off;  it  dries  rapidly, 
and  when  dry  a  sufficient  amount  remains  to  afford  protection  against 
the  fungous  parasite  even  after  continued  heavy  rainfall. 

SPRAY  MIXTURES 

Bordeaux  mixture  has  been  the  standard  spray  mixture  used  in  the 
nursery  for  many  years  and  is  very  effective  against  most  leaf  diseases. 
The  mixture  may  be  made  by  the  grower,  or  it  may  be  bought  on  the 
market  in  the  prepared  form  known  as  bordeaux  paste  or  powder.     Home- 
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made  bordeaux  mixture  is  preferable,  since  it  remains  in  suspension 
somewhat  longer  than  the  market  mixture,  and  it  also  has  better  sticking 
qualities  when  applied  to  the  foliage.  Considerable  objection  to  the 
use  of  bordeaux  mixture  has  been  raised  from  time  to  time  owing  to  the 
injury  or  burning  of  certain  foliage,  particularly  that  of  plums.  Serious 
damage  to  pltim  nursery  stock  has  been  reported  occasionally.  The 
formula  most  conmaonly  used  for  making  bordeaux  mixture  is  5  pounds 
of  stone  lime,  freshly  slaked,  and  5  pounds  of  copper  sulfate  (blue  vitriol), 
to  50  gallons  of  water. 

Lime-sulfur  solution  has  been  substituted  in  recent  years  for  bordeaux 
mixture  in  the  control  of  several  diseases.  This  solution  also  may  be 
made  by  the  grower,  but  imless  ample  facilities  are  at  hand  it  is  preferable, 
for  nurserymen  at  least,  to  use  commercial  lime-sulfur  solution,  which 
can  be  bought  in. a  concentrated  form.  This  solution  may  al30  cause 
burning  of  the  foliage  unless  care  is  taken  not  to  apply  the  solution  in 
too  concentrated  a  form.  Lime-sulfur  solution  is  easier  to  handle  than 
bordeaux  mixture  and  it  has  proved  more  effective  in  the  control  of 
certain  diseases,  especially  the  mildews.  The  strength  of  lime-sulfur 
solution  to  be  used  varies,  depending  on  the  host  plant  and  to  some  extent 
on  the  fungus  causing  the  disease. 

The  addition  of  granulated  iron  stdfate  to  lime-sulfur  solution  has 
been  of  value  in  some  cases.  The  iron  sulfate  reduces  the  danger  of 
btUTiing,  and  the  mixture  formed  has  better  sticking  qualities,  especially 
if  it  is  applied  at  a  low  pressure  or  with  a  gas  spraying  machine.  Iron 
sulfate  appears  to  slightly  reduce  the  efficiency  of  lime-sulfur  solution 
for  some  diseases  by  changing  the  composition  of  the  mixture,  but  this 
has  not  been  of  sufficient  importance  to  be  considered.  On  the  other 
hand,  the  addition  of  iron  sulfate  apparently  increases  the  efficiency 
of  the  solution  in  the  control  of  certain  mildews,  such  as  those  that  attack 
apple  and  rose  stock.  Iron  sulfate  added  to  lime-sulfur  solution  causes 
a  black,  muddy  precipitate  to  be  formed.  This  precipitate,  which 
gradually  settles  to  the  bottom,  contains  precipitated  sulfur,  iron  sulfide, 
and  calcitim  sulfate.  It  is  the  precipitated  sulfur  in  the  mixture  which 
has  the  valuable  fungicidal  properties. 

Dusting  with  sulfur  is 'effective  in  checking  certain  diseases,  such  as 
some  of  the  mildews.  Considerable  experimental  work  has  been  con- 
ducted in  order  to  determine  the  value  of  dusting  for  other  orchard  diseases ; 
but  the  results  thus  far  obtained  do  not  warrant  the  adoption  of  this 
method  for  the  general  control  of  nurrery  diseases,  although  the  per- 
fection of  a  dust  mixture  would  eliminate  many  of  the  difficulties 
encountered  at  the  present  time  in  the  attempt  to  check  these  diseases 
in  the  nursery. 
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SPRAYING  MACHINES 

One  of  the  important  problems  confronting  nurserjntnen  is  a  satisfactory 
means  of  applying  spray  mixtures.  An  apparatus  is  desirable  which 
will  apply  the  spray  with  sufficient  force  and  with  the  least  inconvenience, 
permitting  the  work  to  be  done  with  considerable  rapidity  and  as 
economically  as  possible. 

Numerous  hand  sprayers  (Fig.  86,  page  699)  are  in  use  which  can  be 
used  for  small  plantings,  but  there  is  no  power  machine  on  the  market  that 


PHOTOGRAPH  BY  D.  GUNN 

Fig.   66. —  A  hvo-horse  gas-power  sprayer  for  spraying  all  slock  below  six  feet  in  height 

is  entirely  satisfactory  for  nursery  work.  It  has  been  difficult  to  construct 
a  machine  that  can  be  transported  over  tall  stpck  and  at  the  same  time 
will  be  practicable.  The  practical  sprayer  for  the  nursery  is  a  two-horse- 
power machine  built  to  spray  at  least  four  rows  of  large  stock  and  equipped 
with  a  container  that  will  hold  at  least  75  gallons  of  the  spray  mixture. 
It  should  be  easy  to  transport,  and  should  be  provided  with  a  device 
that  will  furnish  the  necessary  pressure  for  spraying.  The  power  for 
spraying  machines  has  usually  been  supplied  by  traction,  gasoUne  engines, 
compressed  air  tanks,  or  compressed  carbonic  acid  gas. 
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A  two-horse  gas-power  machine  for  spraying  all  stock  below  six  feet 
in  height  is  illustrated  in  figure  66.  This  machine  straddles  two 
rows,  and  has  two  50-gallon  steel  tanks  suspended  between  the  rows 
as  containers  of  the  spray  mixture.  The  power  is  furnished  by  com- 
pressed carbonic  acid  gas.  The  gas  is  procured  in  steel  drums  and  the 
spraying  may  be  done  with  any  pressure  desired. 

The  greatest  objection  to  this  sprayer  is  its  bulkiness  and  the  effect 
of  the  carbonic  acid  gas  on  certain  of  the  spray  mixtures,  such  as  lime- 
sulfur  solution.  The  gas  precipitates  the  sulfur  in  the  lime-sulfur  solution, 
reducing  the  efficiency  of  the  solution  as  an  insecticide  when  used  for 
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Fig.  67. —  A  sprayer  built  to  run  between  nursery  raws.     The  width  of  the  sprayer  from 
hub  to  hub  is  twenty-eight  inches.     The  power  is  furnished  by  a  gasoline  engine 

San  ]os6  scale  or  other  scale  insects.  On  the  other  hand,  the  carbonic 
acid  gas  does  not  affect  the  fungicidal  properties  of  the  solution;  the 
precipitated  sulfur  is  practically  as  effective  as  the  lime-sulfur  solution, 
but  it  does  not  stick  so  well  to  the  foliage.  The  sticking  quaUties,  how- 
ever, can  be  increased  considerably  by  the  addition  of  iron  sulfate. 

The  machine  illustrated  in  figure  67  is  a  sprayer  constructed  to 
go  between  the  nursery  rows.  The  width  from  hub  to  hub  is  twenty- 
eight  inches,  giving  a  clearance  in  the  nursery  row  of  fourteen  inches. 
One  horse,  or  two  horses  driven  tandem,  can  be  used.  The  containing 
tank  holds  75  gallons  and  the  power  is  furnished  by  a  gasoline  engine. 
Four  rows  at  a  time  can  be  sprayed,  and  the  spray  boom,  with  two  or 
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three  nozzles  to  a  row,  is  adjustable  to  any  height  necessary.  When 
the  machine  is  used  for  dormant  spraying,  trailers  may  be  substituted 
for  the  spray  boom.  Three  or  four  attachments  of  hose,  from  twelve 
to  twenty  feet  in  length,  with  nozzles,  are  carried  by  men  who  follow 
behind  the  sprayer,  each  man  with  a  trailer  spraying  a  single  row.  The 
trailers  make  it  possible  to  cover  the  trees  more  thoroughly,  and  are 
especially  desirable  in  spraying  to  prevent  peach  leaf  curl  and  San  ]os6 
scale. 

This  sprayer  is  an  improvement  on  the  machine  illustrated  in  figure 
66,  in  that  it  is  not  so  cumbersome  and  is  less  expensive  to  operate, 
and  in  that  the  spray  mixture  is  not  affected  by  the  carbonic  add  gas 
when  the  latter  is  used  for  pressure.  On  the  other  hand,  this  sprayer 
has  proved  to  be  top-heavy  when  used  on  tmlevel  ground.  This  difficulty 
could  imdoubtedly  be  overcome  by  changing  the  dimensions  of  the  con- 
tainer and  mounting  it  on  a  four-wheeled  platform.  By  reducing  the 
height  of  the  container  and  increasing  the  length,  the  machine  would  not 
upset  so  easily. 

APPLE   SCAB   AND  PEAR  SCAB 

The  diseases  known  as  scab  are  called  also  black  spot,  scurf,  or  the  fungus. 
The  name  scab  is  used  almost  exclusively  in  the  United  States.  These 
diseases  apparently  exist  in  every  country  where  apples  and  pears  are 
grown  commercially.  They  are  widely  distributed  in  the  United  States, 
and  in  seasons  favorable  to  them  the  annual  losses  in  New  York  orchards 
due  to  apple  scab  alone  are  estimated  by  Wallace  (1913)  at  over  three 
and  one-half  million  dollars. 

In  the  nursery,  pear  scab  commonly  affects  the  Flemish  pear  buds, 
and  when  conditions  are  favorable  to  the  disease  almost  complete  defoli- 
ation of  the  trees  may  result  in  midsummer.  The  twigs  and  the  young 
shoots  also  are  usually  affected,  causing  the  branches  to  make  a  stunted 
growth.  Several  blocks  of  two-years-old  pear  stock  have  been  observed 
by  the  writer,  of  which  the  Flemish  variety  was  so  badly  affected  by  the 
scab  that  only  from  about  five  to  ten  per  cent  of  the  trees  calipered  first- 
class  (XXX)  when  dug  in  the  autumn.  The  other  varieties  were  not 
noticeably  affected  by  the  disease. 

The  apple  scab  is  most  commonly  found  in  the  nursery  on  the  Tran- 
scendent crab.  Frequently  considerable  defoliation  in  this  variety  may 
result  from  the  disease.  Other  varieties  of  apples  are  occasionally  affected. 
In  the  season  of  1913  there  was  a  severe  epiphytotic  of  the  apple  scab 
disease  in  one  of  the  large  nurseries  of  New  York  State,  and  all  varieties 
were  somewhat  affected.    The  disease  was  most  serious  in  the  two-years- 


(1913)  Wallace.  Brrett.  Scab  disease  of  apples.  New  York  (Cornell)  Agr.  Bxp.  Sta.    BuL  335  :  541-624. 
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old  budded  Mcintosh  trees.  Heavy  defoliation  restdted,  and  shoots 
and  twigs  were  so  badly  diseased  that  very  few  of  the  trees  made  sufficient 
growth  to  be  salable  as  first-class  (XXX)  stock  when  dug  in  the  autumn. 

Symptoms 
The  leaves  (Fig.  68)  and  the  fruit,  and  occasionally  the  twigs,  are 
affected.  The  scab  is  likely  to  appear  earliest  on  the  tmder  surface  of 
the  leaves.  The  diseased  area  is  at  first  olivaceous  in  color  and 
slightly  darker  than  the  normal  leaf.  Later  the  scab  spots  become 
darker,  changing  to  brown  and  finally  to  nearly  black.     There  is  a 

tendency  for  the 
lesions  to  extend 
along  the  veins  of  the 
leaf,  making  them 
somewhat  irregular 
in  appearance.  When 
the  disease  is  very 
pronounced  both  sur- 
faces of  the  leaf  may 
be  covered  with  the 
dark  oHve-colored  le- 
sions, and  in  some 
cases  curling  or  dis- 
tortion of  the  foliage 
may  result. 

On  the  twigs  the 
bark  becomes  blis- 
tered, and  later  rup- 

PiG.  69. —  Conidial  stage  of  apple-scab  fungus.     The  section,  tured  in  places,  caus- 

through  a  scab  spot  on  a  leaf,  shows  the  fungous  stroma  located  :„£,  «  cmrfv  arkr^^or 

beneath  the  cuticle  and  in  the  epidermal  cells.     The  growth  of  ^^  ^  scuny  appear- 

Ihe  fungus  lifts  the  cuticle  of  the  leaf  ance. 

Caiise 
The  fungous  parasites  causing  the  apple  scab  and  pear  scab  are  almost 
identical  in  appearance.     The  species  on  the  apple  is  known  as  Venturta 
ifUBqtialis  (Cke.)  Wint.,  and  that  on  pears  as  Venturta  pyrina  Aderh. 

Life  history 
On  the  scab  spots  caused  by  these  fungi  a  large  number  of  spores 
(Fig.  69)  are  produced,  which,  being  very  small,  are  disseminated  by  wind 
and  rain.  Falling  on  the  fruit  and  the  leaves  of  the  host  plant,  these 
spores  produce  new  infections  when  moisture  is  present  and  are  a  means 
of  propagating  the  fungi  throughout  the  summer. 


PHOTOGRAPH  BY  E.  WALLACE 
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On  the  diseased  leaves  that  fall  to  the  ground  in  autumn,  special  fruiting 
bodies  (peritheda)  are  produced,  which  are  resistant  to  cold  and  bridge 
the  fuagi  over  winter.  In  the  early  spring  numerous  sac-like  bodies, 
asd,  bearing  eight  spores,  are  developed  in  the  peritheda.  These  asoo- 
spores  are  discharged  during  periods  of  damp,  doudy  weather  about 
the  time  when  the  leaves  begin  to  open,  and,  carried  by  wind  and  rain, 
they  fall  on  the  newly  developed  foliage,  where  they  produce  the  first 
infection  of  the  season.  From  twelve  to  fourteen  days  after  the  spores 
attack  the  foliage  the  characteristic  scab  lesions  begin  to  appear. 

Control  ^ 

Bordeaux  mixture  and  lime-sulfur  solution  are  both  effective  for  the 
control  of  the  scab  diseases  on  apple  and  pear.  In  recent  years  lime- 
sulfur  solution  has  been  used  almost  exdusively  by  orchardists  for  apple 
scab.  The  standard  strength  used  is  i  to  40.  In  many  cases  bordeaux 
mixture  causes  some  injury  by  burning  fruit  and  foliage;  but,  on  the 
other  hand,  for  pear  scab  it  is  advisable  to  use  bordeaux  mixture,  since 
lime-sulfur  solution  occasionally  causes  severe  burning  of  pear  foliage 
when  used  at  a  strength  that  will  control  the  scab. 

For  nursery  stock  the  first  spraying  should  be  done  soon  after  the 
first  new  leaves  are  put  forth.  This  application  should  be  followed  by 
at  least  two  more  sprayings  at  intervals  of  from  two  to  three  weeks.  If 
the  season  is  very  wet,  one  or  two  more  applications  are  advisable  in  most 
instances. 

As  a  general  recommendation  for  the  nurseries  of  New  York  State, 
it  is  not  considered  necessary  to  spray  varieties  of  pears  for  scab  except 
the  Flemish.  The  trees  of  this  variety  are  so  commonly  affected  that 
spra3mig  each  season  is  beneficial.  In  most  nurseries  it  is  not  necessary 
to  spray  each  year  for  apple  scab,  but  in  some  instances  spraying  would 
be  exceedingly  beneficial.  Where  the  disease  is  commonly  observed  on 
certain  varieties  of  apples  such  as  Transcendent  crab,  spra3mig  is  advisable. 

APPLE  POWDERY  MILDEW 

Cherry,  plum,  pear,  and  quince  stock  are  occasionally  affected  by 
powdery  mildew,  but  this  disease  is  most  commonly  observed  in  the 
nursery  on  the  foliage  and  the  young  shoots  of  the  apple  seedling  stock. 
When  it  appears  early  in  the  summer,  the  growth  of  the  seedlings  is  checked 
and  the  bark  does  not  peel  readily  at  budding  time.  The  budded  apple 
stock  is  sometimes  affected  and  severe  epiphytotics  of  the  disease  have 
been  known  to  occur  in  bearing  apple  orchards. 

1  Dustins  with  dry  mlfur  for  «cftb  control  (See  New  York  (Coraelll  A^r.  Exp.  Sta.,  Bui.  3S4«  ipiS.  by 
Donald  Reodick  and  C.  R.  Crosby)  has  proved  effective  to  a  considerable  degree  in  certain  experimental 
orchards  where  it  has  been  tried,  but  aa  yet  the  results  obtained  do  not  warrant  the  general  adoption  of  this 
method  as  a  means  of  preventing  scab. 
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Symptoms 
The  foliage  and  the  young  twigs  are  affected,  and  in  extremely  rare  cases 
the  disease  occurs  on  the  fruit  of  apples.  The  grajdsh  white,  feltlike  areas 
are  commonest  at  first  on  the  underside  of  the  leaf,  and  vary  in  size  from 
a  minute  speck  to  an  inch  in  diameter;  later  the  mildew  may  appear 
on  the  upper  surface,  involving  the  entire  leaf.  The  diseased  leaves  are 
stunted,  are  somewhat  narrower  in  width  than  the  healthy  leaves,  and  have 
a  tendency  to  crinkle  and  curl  up. 

Affected  shoots  are  much  shorter  than  they  would  be  normally.  There 
is  a  shortening  of  the  intemodes,  and  in  many  cases  an  increase  in  thick- 
ness of  the  diseased  twigs  may  be  noticed.  Small  black  specks  are  com- 
monly observed  in  the  white  areas  on  the  twigs. 

The  ends  of  the  diseased  shoots  die  back  in  winter,  causing  the  pro- 
duction of  nimierous  lateral  shoots  in  the  following  spring.  The  old 
grayish  white  patches  of  mildew  are  often  very  apparent  on  the  twigs 
throughout  the  winter. 

Cause  ' 

The  disease  may  be  caused  by  either  of  two  fungous  parasites, 
PodosphcBra  oxyacantluB  (DC.)  deBary  or  Podosphwraleucotricha  (E.  &  E.) 
'Salm.  These  two  species  are  very  closely  related,  and  only  a  micro- 
scopic examination  of  the  sexual  stage  (the  black  specks  referred  to  above) 
enables  one  to  definitely  distinguish  them.  P,  oxyacarUhcB  is  found 
very  commonly  on  cherries,  but,  in  the  United  States  at  least,  the  organism 
attacking  apples  is  in  the  greater  majority  of  cases  P.  leucotricha.  F.  C. 
Stewart  (1910)  examined  specimens  of  apple  mildew  from  various  sections 
of  New  York  State  and  all  of  them  proved  to  be  P.  leucotricha.  At  the 
same  time  the  writer  also  examined  specimens  of  the  apple  mildew  collected 
in  several  nurseries  of  the  State,  and  all  were  of  the  same  species,  P.  leuco- 
tricha. Ballard  and  Volck  (1914)  state  that  the  apple  powdery  mildew 
in  the  Pajaro  Valley  of  California  is  caused  by  P.  leucotricha. 

Life  history 
The  grayish,  fdtlike  patches  of  mildew  on  the  leaf  or  the  shoot  consist 
of  a  tangle  of  fine  threads,  or  strands,  of  the  fungus.  This  loosely  inter- 
woven mass  of  threads  is  known  as  mycelitun.  From  certain  strands 
of  the  mycelium,  stalks  are  sent  up  which  bear  large  numbers  of  conidia, 
or  summer  spores  (Fig.  94,  page  713).  The  spores,  being  very  minute,  are 
carried  by  wind  and  rain  to  other  leaves,  where  under  favorable  conditions 
they  germinate  and  produce  new  patches  of  mildew.    The  fungus  obtains 

(1910)  Stewart,  P.  C.    Notes  on  New  York  plant  diseases.    New  York  (Geneva)  Agr.  Exp.  Sta.     BuL 
(X9I4)  ' 


328:320-321. 
I  Ballard,  W.  S.,  and  Volck,  W.  H.    Apple  powdery  mildew  and  its  control  in  the  Pajaro  VaUey. 


U.  S.  Agr.  Deipt.   Bui.  120:1-26. 
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its  nourishment  by  sending  suckerlike  bodies,  haustoria,  into  the  epidermal 
cells  of  the  leaf.  After  midsummer  reproductive  bodies,  known  as 
perithecia  (Fig.  70),  are  also  produced  in  the  mass  of  myceUtun.  These 
peritheda  appear  to  the  naked  eye  as  the  small  black  specks  previously 
mentioned,  and  they  serve  to  bridge  the  fungus  over  winter.  In  the 
following  spring  or  early  summer  each  perithecium  discharges  an  ascus 
(Fig.  70),  which  contains  eight  ascospores.  Falling  on  the  newly  de- 
veloped foliage,  the  ascospores  germinate  and  produce  the  first  infections 
of  the  season,  resulting  in  the  appearance  of  the  mildew  a  few  days  later. 
Ballard  and  Volck  (1914)  and  other  investigators  are  of  the  opinion 
that  the  fungus  lives  over  winter  in  the  dormant  buds  also.  The  following 
is  quoted  from  Ballard  and  Volck 
(page  9  of  reference  cited) :  **  Careful 
observations  have  led  the  writers  to  the 
conclusion  that  in  the  Pajaro  Valley 
this  method  [by  means  of  perithecia] 
of  bridging  over  the  winter  season 
amounts  to  practically  nothing  in  the 
matter  of  starting  the  first  infections 
of  the  following  year.  It  may  be  that 
relatively  a  very  small  percentage  are 
established  by  this  means,  but  the 
really  important  source  is  in  what 
the  writers  have  termed  the  dormant- 
bud  infections.  It  can  be  easily  seen 
that  in  such  serious  twig  infections 

,  the  mildew 

growing  over  the  surface  of  the  shoots 
has  an  excellent  opportimity  to  work  its  way  in  between  the  bud  scales 
and  penetrate  both  the  lateral  and  terminal  buds.  This  actually  happens, 
and  within  these  buds  the  mildew  passes  the  winter  in  a  dormant  condition. 
The  following  spring,  as  the  infected  buds  begin  to  open,  the  mildew  com- 
mences to  grow  and  keeps  pace  with  the  development  of  the  new  twigs."  " 

Control 
Bordeaux  mixture  and  other  copper  sprays  are  not  satisfactory  fungi- 
cides for  the  control  of  most  mildew  diseases  (Galloway,  1889).     This  is 
particularly  true  of  the  apple  powdery  mildew  (Fairchild,  1893).     Lime- 
sulfur  solution  is  effective  to  a  certain  degree,  but  the  addition  of  iron 

(1889)  Galloway,  B.  T.     Experiments  in  the  treatment  of  pear  leaf-blight  and  the  apple  powdery  mildew. 

U.  S.  Agr.  Dept.,  Veg.  Path.  Sec.     Circ.  8:i-ii. 
(1893)  Fairchild,  D.  G.     Experiments  in  preventing  leaf  diseases  of  nursery  stock  in  western  New  York. 

Apple  powdery  mildew.    Joum.  myc.  7:256. 
(19x4)  Ballard,  W.  S.,  and  Volck,  W.  H.    Apple  powdery  mildew  and  its  control  in  the  Pajaro  Valley. 

U.  S.  Agr.  Dept.    Bui.  120:1-26. 


Fig.  70. — Perithecium  of  the  apple  mil- 
dew fungus,  showing  the  two  types  of 
appendages.  Within  the  perithecium  is 
a  single  ascus  which  contains  eight 
ascospores  (shown  at  the  right) 
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sulfate  makes  a  mixture  that  is  more  satisfactory  for  the  cx)ntrol  of  the 
disease.  The  precipitation  caused  by  the  iron  sulfate  converts  the  sulfur 
into  a  more  finely  divided  form,  which  apparently  has  a  better  covering 
power  and  also  sticks  better  to  the  foliage  than  does  the  lime-sulfur  solution 
alone. 

Lime-sulfur,  i  gallon  to  50  gallons  of  water,  plus  3  pounds  of  iron 
sulfate,  has  proved  satisfactory  for  the  control  of  apple  powdery  mildew 
in  the  niu-series  of  New  York  State.  The  first  application  should  be 
made  soon  after  the  seedlings  have  developed  the  first  new  shoots.  Three 
or  four  subsequent  sprayings  shotdd  be  made  at  intervals  of  from  two 
to  three  weeks. 

In  some  seasons  apple  nursery  stock,  in  New  York  State  at  least,  is 
practically  free  from  the  mildew,  while  in  other  years  the  disease  is  very 
destructive.  Therefore  the  number  of  sprayings  required  to  keep  the 
mildew  in  check  depends  on  the  season,  and- the  control  methods  should 
be  in  accordance  with  the  conditions  that  exist.  Where  the  disease  is 
prevalent  an  effort  should  be  made  to  keep  as  much  as  possible  of  the 
new  growth  covered  with  the  spray. 

THE   YELLOW-LEAF   DISEASE   OF    CHERRY   AND  PLUM 

Leaf  blight,  commonly  known  also  as  yellow  leaf,  or  shot-hole,  of  plums 
and  cherries,  is  one  of  the  most  important  of  the  diseases  affecting  nursery 
stock.  It  was  first  reported  in  Europe  in  1884  on  Prunus  padtis,  and 
has  been  common  there  on  both  sweet  and  sour  cherries  for  the  past 
twenty  years.  In  America  the  disease  has  been  reported  on  nearly  all 
species  of  Prunus,  both  wild  and  cultivated.  It  is  found  in  all  the  nursery 
districts  of  the  United  States  where  cherry  and  pluia  stock  is  grown, 
and  may  be  very  destructive  to  nursery  trees  when  weather  conditions 
are  favorable. 

Occurrence  on  different  hosts 

Usually  the  disease  is  found  in  abtuidance  on  the  sweet  cherry,  Prunus 
avium,  and  on  the  -wild  chokecherry,  Prunus  virginiana.  It  is  common 
on  sour  cherries,  Prunus  domestica,  Prunus  institia,  and  Prunus  spinosa. 
The  leaves  of  Prunus  serotina  also  are  known  to  have  been  affected. 

In  the  nurseries  of  New  York  State  the  susceptibility  of  cherry  and 
plum  seedlings  to  the  disease  is  of  considerable  importance.  Mazzard 
cherry  seedlings  are  very  susceptible,  and  often  they  are  so  badly  defoliated 
that  it  is  impossible  to  bud  the  trees.  Mahaleb  cherry  seedlings  are 
affected  to  some  extent,  but  ordinarily  the  damage  is  less  than  on  maz- 
zards.  Myrobalan  plum  seedlings  show  a  considerable  degree  of  resistance 
and,  at  least  in  New  York  State,  are  seldom  affected. 
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The  varieties  of  sweet  cherries  are  more  seriously  affected  than  are 
the  sour  cherries.  Often,  however,  the  disease  is  very  destructive  to 
all  varieties  of  cherries  and  may  cause  a  heavy  loss  of  foliage.  Varieties 
of  European  pliuns  also  may  be  defoliated  completely  by  the  disease 
in  a  season  of  abundant  rainfall  (Stewart,  191 4).  Japanese  plums  are 
more  resistant,  and  the  disease  is  of  little  importance  on  these  varieties. 

Symptoms 
The  leaves,  the  fruit,  and  the  fruit  pedicels  may  be  affected,    but 
generally  the  lesions  are  confined  to  the  foliage  and  their  appearance 


Fig.  71. —  Shot-hole  effect  on  plum  leaves  affected  with  the  yeUow-leaf  disease 

on  the  fruit  is  rather  tuicommon.  The  disease  is  first  noticed  in  the  latter 
part  of  May  or  in  early  June.  On  certain  hosts  it  becomes  very  evident 
because  of  the  shot-hole  appearance  of  the  leaves,  which  is  brought  about 
by  the  dropping-out  of  the  circular  areas  of  affected  tissue  (Fig.  71). 
The  shot-hole  effect  is  commonest  on  plirni  varieties,  in  which  the  per- 
forations may  be  so  abundant  that,  owing  to  the  dropping-out  of  the 
diseased  areas,  only  remnants  of  the  leaves  are  left.  Infections  on  the 
Japanese  plum  varieties  are  of  a  shot-hole  nature,  but  there  is  practically 
no  defoliation  as  in  the  case  of  the  European  plum  varieties.     It  is  believed 


(19x4)  Stewart,  V.  B.    The  yellow-leaf  disease  of  cherry  and  plum  in  nursery  stock. 
Agr.  Exp.  Sta.     Circ.  3i  :  i-xo. 

43 


New  York  (ComeU) 


Digitized  by  VjOOQ IC 


674 


Bulletin  358 


that  the  larger  part  of  the  shot-hole  effect  on  these  varieties  is  caused 
by  an  insect. 

On  the  leaves  of  cherries  the  diseased  spots  do  not  drop  out  so  readily. 
They  first  appear  on  the  upper  side  of  the  leaf  as  slightly  discolored  areas, 
usually  not  exceeding  an  eighth  of  an  inch  in  diameter  and  more  commonly 
about  half  that  size.  Later,  after  a  period  of  seven  to  ten  days,  they 
become  definite  lesions,  dark  red  or  reddish  brown  in  color.  The  infection 
may  be  confined  to  a  small  section  of  the  leaf,  but  in  many  cases  the  red 
spots  indicating  the  diseased  areas  are  thickly  scattered  over  the  entire 


Pig.  72. — Sweet-cherry  leaves  affected  with  the  yellow-leaf  disease^  showing  the  dark 
red  spots  and  also  the  yellow  discoloration 

leaf  (Fig.  72).     In   the  advanced  stages    a  yellowing  of  the    affected 
foliage  may  occur  and  the  leaves  may  fall  prematurely. 

The  same  yellowing  sometimes  appears  on  plum  leaves,  but  never 
so  abundantly  as  on  sweet-cherry  foliage. 

Particularly  in  periods  of  wet  weather,  small,  white,  velvety  pustules 
may  be  observed  on  the  undersides  of  the  leaves,  opposite  the  discolored 
spots.  Occasionally  these  pustules  appear  also  in  the  center  of  the  lesions 
on  the  upper  side  of  the  leaf. 

Cause 

In  1884  P.  A.  Karsten  described  the  organism  Cylindrosporium  padi, 
and  the  yellow-leaf  disease  on  Prunus  padus  in  Europe  was  attributed 
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to  this  fungus.  Higgins  (1913)  discovered  the  sexual  stage  of  the 
Cylindrosporium  on  Prunus  avium  and  named  the  fungus  Coccomyces 
hiemalis.  Further  studies  by  Higgins  (191 4)  show  that  there  are  at 
least  three  species  of  Cylindrosporiiun  parasitic  on  species  of  the  genus 
Prunus.  The  morphological  differences  of  the  sexual  forms,  along  with 
cross  inoculations,  led  Higgins  to  make  the  following  distinctions: 


FiG'  73-"~  Cross  section  of  cherry  leaf  through  an  acervulus  of  the  Cylindro- 
sporium fungus.  The  epidermal  cells  of  the  l^f  have  been  pushed  up  and  hrokent 
permitting  the  spores  to  escape 

Coccomyces  hiemalis  Higgins  on  Prunus  avium,  P.  cerasus,  and  P. 
pennsylvanica 

Coccomyes  prunophorcB  H.  on  Prunus  americana,  P.  domestica,  and 
P.  institia 

Coccomyes  lutescens  H.  on  P.  serotina,  P.  virginiana,  and  P.  mahaleb 

Life  history 
With  the  active  growth  of  the  fungus  in  the  leaf  tissue,  the  mycelial 
threads  of  the  fungus  form  a  closely  packed  mass  near  the  surface  of  the 
leaf,  resulting  in  the  formation  of  a  fruiting  body  (Fig.  73).    The  number 

(X913)  Higgins,  B.  B.    The  perfect  stage  of  Cylindrosporiiim  on  Pruniu  avimn.    Seieooe  37  :  637-*^8. 
(19x4)  Hi^ns,  B.  B.     Contribution  to  the  life  history  and  physiology  of  Cylindrosporium  on  stone 
fmits.    Amer.  journ.  bot.  x  :  X45-173. 


Digitized  by  LjOOQ IC 


676 


Bulletin  358 


fungus,  some  of  which  have  germinated. 
Highly  magnified 


of  Spores  produced  is  usually  very  great,  and  on  being  pushed  out  on 
the  undersurface  of  the  leaf  they  form  the  white  pustules  previously 
described.  The  spores,  being  very  minute,  are  easily  carried  to  the 
leaves  by  the  wind  and  rain,  and  are  thus  disseminated  over  a  considerable 

distance.  Falling  on  a  leaf,  the  spore 
germinates  (Fig.  74)  if  moisture  is 
present,  the  germ  tube  penetrates  the 
tissue  of  the  leaf,  and  with  continued 
growth  it  develops  a  mycelitun  with 
many  branches.  These  branches  ex- 
tend between  the  cells  of  the  leaf, 
often  penetrating  them  or  sending 
Fig.  74.—  Spo^oJ  the  Cylindrosporium  suckerlike  branches  into  them.     The 

affected  areas  become  disorganized, 
and  in  this  way  the  myceliimi  derives 
its  nourishment  from  the  leaf.  The  attacked  cells  turn  brown,  and  as  the 
mycelixmi  extends  farther  into  the  tissue  the  discoloration  increases,  result- 
ing in  the  formation  of  the  reddish-colored  spots  previously  described.  When 
a  number  of  germ  tubes  attack  the  same  leaf,  a  large  part  of  it  becomes 
affected;  the  living  substance  is  destroyed  and  the  leaf  drops  prematurely, 
being  no  longer  able  to  function  in  the  manufacture  of  food  for  the  tree. 
Throughout  the  summer  the  disease  continues  to  spread  with  each 
period  of  wet  weather,  and  as  the  new  foliage  develops  it  is  in  constant 
danger  of  infection.  Often 
the  trees  may  be  defoliated 
completely  by  the  latter  part 
of  August  and  the  grotmd 
may  be  covered  with  diseased 
leaves.  It  is  in  these  old, 
affected  leaves  that  the  fun- 
gus lives  over  winter.  By 
the  formation  of  the  sexual 
fruiting  body  (Fig.  7  5)  within 
the  leaf  tissue  the  organism 
is  able  to  withstand  the 
severe  cold  weather  of  the 
winter  months.  During  pe- 
riods of  abtmdant  rainfall  in 
the  following  spring,  when  the  trees  are  developing  the  first  new  leaves, 
these  specialized  fruiting  bodies  (known  as  apothecia)  discharge  large 
quantities  of  spores.  Some  of  these  spores  are  carried  by  the  wind  or  by 
scattering  drops  of  rain  to  the  new  foliage,  where  they  produce  the  first 


Fig.    75. —  Cross    section 
through  an   apothecium   oj  the   Jungu 
myces    hiemalis,    showing     the    saclike     bodies 
(asci)  with  needle-shaped  ascospores 


of    sweet-cherry     leaf 
of  the   fungus    Cocco- 
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infections  of  the  year  and  the  characteristic  diseased  spots  become  appar- 
ent about  seven  to  ten  da3rs  later.  According  to  Higgins  (19 14)  the 
apothecial  conidia  produced  in  many  cases  in  the  old  apotheciiun  are 
also  able  to  produce  infection.  The  writer  also  has  commonly  observed 
these  conidia  in  old  apothecia. 

Control 

Bordeaux  mixture  or  lime-sulfur  solution  may  be  used  for  the  control 
of  the  disease.  The  former,  while  very  effective  (Fairchild,  1893),  may 
cause  burning  of  the  foliage.  This  is  especially  true  when  the  mixture 
is  applied  to  plum  foliage. 

Lime-sulfur  solution,  i  gallon  to  50  gallons  of  water,  is  effective  in 
controlling  the  yellow-leaf  disease  on  cherries  and  plums.  Care  must 
be  taken  not  to  apply  the  solution  at  such  a  strength  that  it  will  cause 
burning  of  the  foliage.  The  addition  of  3  potmds  of  iron  sulfate  prevents 
the  danger  of  burning  and  also  increases  the  sticking  quality  of  the 
solution,  especially  if  it  is  applied  with  a  gas  spraying  machine. 

Spraying  experiments  for  the  control  of  the  yellow-leaf  disease  have 
been  conducted  from  time  to  time  and  the  results  obtained  have  been 
very  satisfactory.  In  Table  i  are  tabulated  the  results  of  an  experiment 
conducted  throughout  the  summer  of  19 11  on  a  small  block  of  Tartarian 
cherries,  which  had  been  budded  on  mazzard  stocks  the  previous  season. 
Two  rows  were  sprayed,  respectively,  with  lime-sulfur  solution  1-50,  and 
commercial  bordeaux  mixture  5-5-50,  on  the  following  dates:  May  28, 
June  10  and  24,  July  14  and  30,  August  12.  At  the  time  of  the  first 
application  the  trees  were  from  ten  to  fourteen  inches  in  height.  Two 
rows  were  left  unsprayed  as  checks,  and  the  remaining  two  rows  received 
one  application  of  lime-sulfur  1-50  on  Jvme  24. 

Previous  to  the  spraying  of  June  24  very  Uttle  infection  had  occurred, 
owing  to  the  dry  weather  conditions-.  Continued  heavy  rains  followed 
the  spraying  of  June  24  and  conditions  were  very  favorable  for  abundant 
infection.  The  application  just  previous  to  this  infection  period  was 
most  effective  in  keeping  the  yellow-leaf  disease  in  check.  On  August  24 
the  first  fifty-three  trees  of  one  row  in  each  plat  were  measured  for  caliper 
and  the  measurements  are  recorded  in  Table  i.  For  each  caliper  measure- 
ment the  percentage  is  also  recorded.  The  average  height  of  sprayed 
trees  was  five  feet;  the  unsprayed  trees  avferaged  about  four  and  one- 
fourth  to  four  and  one-half  feet  in  height.  A  comparison  of  the  ntunber 
of  trees  for  each  caliper  in  sprayed  and  unsprayed  plats  shows  a  consider- 
able difference  in  favor  of  the  sprayed  trees.    The  failure  of  the  com- 

(X893)  Fairchild,  D.  G.    Bzperiments  in  preventing  leaf  diseaaes  of  nursery  stock  in  western  New  Yofk. 

Cherry  leaf-bligfat.    joum.  myc.  7  :  24^253. 
(19x4)  Higgins,  B.  B.    Contribution  to  the  life  history  and  physiology  of  CyUndrosporium  on  stone 


Amer.  joum.  bot.  i  :  I45-X73* 
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merdal  bordeaux  mixture  to  control  the  disease  as  well  as  the  lime-sulfur 
solution  was  attributed  to  the  poor  sticking  qualities  of  the  mixtiu^. 


TABLE  I.    A  Comparison  of  Caliper  Measurements  of  Treated  and  Untreated 
Tartarian  Cherry  Trees  for  the  Experiment  Conducted  in  1911 

Caliper  measurements  in  inches 

1 

i 

A 

t 

Material  used 

Total 
num- 
ber 
of 
trees 

Num- 
ber 

Per- 
cent- 
age 

Num- 
ber 

Per- 
cent- 
age 

Num- 
ber 

Per- 
cent- 
age  ' 

Num- 
ber 

Per- 
cent- 
age 

ConunerGial  lime-sul- 
fur 1-50,  six  spray- 
ings, row  I 

53 

16 

30.2 

29 

54-7 

5 

9  4 

3 

5.7 

Commeiicialbordeauz 
mixture  5-5-501  six 
sprayings,  row  3  . . . 

53 

19 

35-8 

28 

52.8 

4 

7-5 

2 

3-8 

Lime-sulfur  1-50, 
sprayed  once,  row  7 

53 

21 

39  6 

28 

52.8 

4 

7-5 

0 

0 

Untreated,  row  5  — 

53 

33 

62.3 

20 

37.7 

0 

0 

0 

0 

In  Table  2  are  shown  the  results  of  an  experiment  conducted  throughout 
the  summer  of  191 2.  Three  rows  of  first-year  Tartarian  cherry  trees 
were  sprayed  with  lime-sulfur  solution  1-50,  on  the  following  dates: 
Jtme  4  and  23,  July  8  and  22,  August  5  and  20.  Two  rows  were  left 
unsprayed  as  checks. 

The  data  collected  on  September  19,  191 2,  showed  a  considerable 
increase  in  caliper  of  sprayed  trees  over  unsprayed  trees.  One  row  of 
sprayed  trees  and  one  of  the  check  rows  were  selected  for  the  measure- 
ments and  the  first  one  hundred  and  twenty-five  trees  in  each  row  were 
calipered.  The  average  height  of  sprayed  trees  was  foiu:  and  three- 
fourths  feet;  the  unsprayed  trees  averaged  four  to  four  and  one-fourth 
feet  in  height. 

When  the  measurements  were  taken  for  the  above  experiments  the 
unsprayed  trees  had  lost  practically  all  of  their  leaves.    For  nurserymen 
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the  increase  in  size  of  stock  is  certainly  an  important  factor,  but  the 
effect  of  premattire  defoliation  in  unsprayed  trees  is  also  worthy  of  con- 
sideration. The  early  loss  of  foliage  prevents  proper  maturation  of 
the  wood,  and  the  trees  are  less  likely  to  withstand  the  severe  weather 
of  winter.  Winter  injury  occurs  commonly  on  cherry  and  plum  stock, 
and  several  cases  have  been  observed  in  which  the  indications  are  that 
early  defoliation  in  the  previous  summer  favored  the  injury  that  occurred 
during  the  cold  months. 

It  has  been  the  custom  of  some  growers  to  hold  the  shipment  of  mazzard 
seedlings,  when  received  from  Europe,  in  storage  until  late  in  the  spring, 
after  all  the  other  seedling  stock  has  been  planted.  If  this  method  is 
followed  the  development  of  the  seedlings  when  finally  planted  is  very 
rapid,  and  they  are  more  likely  to  make  a  sufficient  growth  for  budding 
before  they  succumb  to  the  attacks  of  the  yellow-leaf  disease.  Certain 
nurserymen  have  suffered  considerable  loss  due  to  injury  of  mazzard 
seedlings  while  in  storage,  however,  and  in  general  this  means  of  warding 
off  the  disease  does  not  seem  to  be  practicable.  The  writer  has  con- 
ducted several  experiments  with  reference  to  this  question,  and  is  led  to 
conclude  that  the  disease  can  be  prevented  more  profitably  by  spraying. 
It  is  better  to  plant  the  mazzard  stock  when  the  other  seedlings  are  put 
into  the  ground,  and  to  prevent  the  early  attacks  of  the  yellow-leaf  fimgus 
by  spraying.  The  first  application  should  be  made  soon  after  the  leaf 
buds  open,  and  should  be  followed  by  at  least  four  or  five  additional 
sprayings  at  intervals  of  from  ten  to  fourteen  days. 

For  the  first-year  buds  the  first  application  should  be  made  when  the 
buds  are  from  eight  to  twelve  inches  in  height.  Subsequent  sprayings 
should  be  in  accordance  with  the  weather  conditions  that  exist.  As 
a  general  practice,  about  five  to  seven  applications  throughout  the  stimmer, 
at  intervals  of  two  weeks,  will  suffice  to  keep  the  disease  in  check. 

As  a  general  recommendation  for  all  stock  susceptible  to  the  yellow- 
leaf  disease,  the  spray  should  be  applied  at  such  intervals  as  to  keep 
as  much  of  the  new  growth  protected  as  is  possible. 

POWDERY  MILDEW  OP   CHERRY 

Powdery  mildew  of  cherry  is  practically  the  same  as  the  mildew  that 
attacks  apple  stock,  and  according  to  Hein  (1908)  is  occasionally  foimd 
on  pltmi,  hawthorn,  Spiraea,  blueberry,  and  persimmon.  In  the  nurseries 
of  New  York  State  the  budded  sour-cherry  stock  is  usually  most  severely 
attacked,  but  often  the  disease  is  destructive  on  the  sweet-cherry  varie- 
ties and  the  mazzard  stocks. 


(1908)  Hein.  W.  H.    Two  prevalent  cherry  diaeaaes.    Powdery  mildew.    Nebraska  Insect  Pest  and 
Plant  Diaeaae  Biueau«  Bot.  Div.    Circ  2  :  i-a. 
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The  young,  succulent  leaves  are  particularly  susceptible  to' the  disease, 
and  following  a  period  of  heavy  rainfall  a  serious  epiphytotic  may  occur. 

Symptoms 
The  disease  can  generally  be  recognized  by  the  characteristic  upward 
rolling  of  the  foliage,  accompanied  by  a  shortening  and  an  increased 
thickness  of  the  intemodes  of  the  twigs  (Pig.  76).  The  young  shoots, 
the  tips  of  the  branches,  and  the  leaves  are  affected.  The  curled  leaves 
are  covered  on  the  undersutface  with  a  tangle  of  white,  feltlike  threads. 
Usually  after  midsunmier,  when  the  disease  is  well  established  and  the 
leaves  are  severely  infested,  small  black  specks  may  be  observed  scattered 
on  the  surface  of  the  feltlike  mass  on  the  underside  of  the  leaf. 


Fig.  76. — Mildew  on  sour-cherry  twigs:  healthy  twig  on  the  left,  diseased  twig  on  ihe 
right.  Showing  the  curled  lecies,  a  shortening  of  the  internodes,  and  an  increased 
thickness  of  the  twig 

The  disease  is  caused  by  the  fungous  parasite,  Podosphcera  oxyacanthce 
(DC.)  de  Bary.  The  same  fungus  may  attack  the  apple  also.  The 
thick  network  of  fungous  threads  form  the  white  patches  on  the  surface 
of  the  host  tissue.  Prom  these  mycelial  threads  stalks  are  sent  up  (Fig. 
94.  page  713),  which  bear  the  conidia.  The  conidia  are  produced  in  great 
abundance,  and,  being  carried  by  wind  and  rain  to  healthy  foliage,  they 
serve  to  spread  the  parasite  throughout  the  summer. 

The  fungus  is  bridged  over  the  winter  by  means  of  the  sexual  stage 
(peritheda.  Pig.  70,  page  671),  which  appears  on  the  white  mycelium  in  late 
summer  as  the  small  black  specks  previously  discussed.  The  perithecium 
contains  an  ascus  with  eight  spores,  and  in  the  spring  or  early  stimmer  these 
Bpores  are  discharged.    Lodging  in  a  suitable  place,  such  as  on  the  surface 
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of  a  cheny*  leaf,  the  asoospores  genmnate  by  a  germ  tube  and  produoe 
the  first  infections  of  the  summer.  Summer  oonidia  are  socm  developod 
and  new  infections  follow. 

Cofttrol  • 

Bordeaux  mixture  has  been  recommended  by  certain  investigators  for 
the  control  of  this  disease,  but  it  is  believed  that  better  results  are  to  be 
obtained  with  certain  sulfur  compounds.  Dusting  with  dry  powdered 
sulfur  (flowers  of  sulfur)  is  also  claimed  by  some  to  be  effective;  however, 
no  satisfactory  data  are  at  hand  to  substantiate  this  claim. 

The  writer  has  obtained  good  control  by  the  use  of  lime-sulfur  solution 
diluted  I  to  50.  The  addition  of  3  pounds  of  iron  sulfate  to  50  gallons 
of  the  mixture  tends  to  reduce  the  possibility  of  injury  to  the  foliage 
and  also  increases  the  sticking  quality  of  the  mixture. 

The  first  application  should  be  made  as  soon  as  the  disease  appears 
(Ballard  and  Volck,  19 14),  which  for  the  nurseries  of  New  York  State 
is  usually  about  the  latter  part  of  June.  The  appearance  and  prevalence 
of  the  disease  varies,  depending  on  weather  conditions.  Prom  three  to 
five  sprayings  may  be  necessary  in  order  to  keep  the  mildew  in  check. 
As  a  rule  the  sprayings  for  the  yellow-leaf  disease  of  cherry  and  plum, 
caused  by  the  Cylindrosporium  fungus,  are  suffident  for  the  control  of 
the  mildew  also. 

ANTHRACNOSE  OF   CURRANTS  AND  GOOSEBERRIES 

The  leaf  disease  commonly  known  as  anthracnose,  leaf  blight,  or  leaf 
spot,  is  of  considerable  importance  in  nursery  stock  and  often  causes 
heavy  defoliation  of  the  stock  in  early  summer.  The  disease  is  widely 
distributed  and  is  known  to  occur  in  Europe,  America,  Asia,  and  Australia. 
In  1873  ^^  ^^  ^^i^  reported  in  America  as  affecting  black  currants.  Since 
that  time  it  has  been  reported  from  various  sections  of  the  country,  as 
affecting  the  cultivated  varieties  of  currants  and  gooseberries.  The  disease 
is  doubtless  found  in  all  sections  of  the  United  States  where  currants 
and  gooseberries  are  grown. 

Occurrence  on  different  hosts 
Anthracnose  has  been  reported  on  several  species  of  currants  —  including 
Ribes  nigrum,  R.  acicularisy  R.  aureum,  R,  prostratum,  and  R,  rubrum — 
and  on  gooseberries,  R.  reclinatum  and  7?.  oxyacanthoides.  Black  currants 
(R,  nigrum  and  R,  aureum)  are  usually  more  or  less  resistant  and  are 
seldom  severely  affected.  Some  differences  are  to  be  noted  in  the  sus- 
ceptibility of  the  varieties  of  red  and  white  currants,  though  all  may 

(X9t4)  Ballanl,  W.  S.,  and  Volck,  W.  H.    AK>le  powdery  mildew  and  its  control  in  the  Pajaro  Vallqr. 
U.  8.  Agr.  Dept.     Bui.  x2o  :  i-^6. 
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succumb  to  the  disease.  Stewart  and  Eustace  (1901)  found  the  Albert 
variety  practically  free  from  the  disease  when  Fay  and  Victoria  adjoining 
them  were  seriously  affected.  Observations  made  by  the  writer  on 
August  4,  1914,  in  a  large  block  of  nursery  stock,  showed  the  following 
varieties  completely  defoliated:  White  Grape,  Fay,  Victoria,  Wilder. 
The  varieties  Moore  Ruby  and  Perfection  were  not  so  seriously  affected. 
On  September  i  very  little  foliage  remained  on  any  of  the  varieties. 

As  a  rule,  gooseberries  are  more  resistant.  The  varieties  Smith, 
Industry,  and  Whitesmith  are  more  susceptible  than  the  varieties  Downing 
and   Pearl.    The  Houghton  variety  is  often  severely  affected. 

Older  bushes  often 
suffer  more  than  do 
first-year  cuttings, 
a  condition  com- 
monly observed  in 
the  nursery.  The 
fact  that  the  cuttings 
are  usually  planted 
on  ground  that  has 
not  been  used  for 
currant  and  goose- 
berry stock  for  some 
time  and  is  perhaps 
some  distance  from 
the  older  plantings, 
no  doubt  accotmts 
for  the  apparent  re- 
sistance of  the  cut- 
tings. Where  cut- 
tings have  been 
planted  in  close  proximity  to  old  diseased  bushes,  they  have  been 
known  to  become  diseased. 

Symptoms 

The  disease  first  appears  on  the  older  leaves,  which  become  covered 
on  the  upper  surface  with  small,  circular  spots,  dark  brown  in  color  and 
about  one  twenty-fifth  of  an  inch  in  diameter.  In  the  center  of  each 
spot  there  is  developed  a  minute  black  area  (Fig.  77).  Soon  the  foliage 
turns  yellow  and  diseased  bushes  may  be  recognized  for  a  considerable 
distance.  The  petioles,  flower  stalks,  young  canes,  and  berries  are 
affected;  the  black  and  slightly  sunken  spots  on  the  petioles  are  readily 
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Fig.  77. —  A  leaf  of  red  currant  affected  with  anthracnose 


(igox)  Stewart.  P.  C.  and  Eustace,  H.  J. 
Agr.  Exp.  Sta.     Bui.  199  :  63-80. 


An  epidemic  of  currant  anthracnose.    New  York  (Oeneva) 
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noticeable.  The  spots  on  the  fruit  stems  may  be  one-half  inch  or  so 
in  length  and  extend  half  the  distance  arotmd  the  stem.  The  pustules 
on  the  canes  have  never  been  fotmd  on  wood  more  than  one  year  old. 
Small  black  specks  characterize  the  disease  on  the  fruit;  it  is  especially 
noticeable  when  the  fruit  of  gooseberry  bushes  is  affected. 

The  anthracnose  disease  is  very  often  associated  with  the  Septoria 
leaf  spot,  but  the  two  diseases  are  readily  distinguishable.  The  Septoria 
lesions  (Fig.  79,  page  687)  appear  dead  and  brown,  and  are  larger, 
being  one-eighth  of  an  inch  or  more  in  diameter.  On  close  examination 
very  minute  black  specks  are  seen  in  the  center  of  the  Septoria  spots. 

Cause 
The  disease  is  caused  by  the  fungus  Pseudopeziza  ribis  Kleb.  (Klebahn, 
1906).    The  parasitic  stage  is  known  as  Gloeosporium  ribis  (Lib.)  Mont, 
et  Desm. 

Life  history 
The  fungus  is  propagated  throughout  the  growing  season  by  means  of 
stunmer  conidia  which  are  produced  in  a  fruiting  body  known  as  an 

acervulus  (Pig.  78).    The  acervulus  de- 
velops within  the  affected  area  of  the 
host  tissue,  and  when  mature  breaks 
through  the  epidermis,  liberating  the 
conidia,  which    are    pushed    out  in  a 
gelatinous  mass.     During  a  rain  period 
the  gelatinous  substance   is   dissolved 
Pig.  78.—  Cross  section  of  affected  part     and  the   conidia  are  disseminated  by 
of  currant  leaf  through  an  acervulus     ^^^j  ^nd  rain.     Palling  on  the  leaves, 
of    the    anthracnose    fungus.      The  .    ,      .  ^        <      ,  , 

epidermal  cells  of  the  leaf  are  pushed  new  mf ections  are  produced  when  the 
up  ar^  the  spores  of  the  fungus  are  weather  conditicMis  are  such  as  to  afford 
escaping  .  r         ^  ,       .  -     . 

moisture  for   the   germmation  of  the 

conidia.  The  conidia  send  out  germ  tubes  which  penetrate  the  leaves. 
Within  the  host  tissue  the  germ  tubes  continue  to  develop,  forming  a 
myceliimi  which  kills  the  cells,  resulting  in  the  appearance  of  the  charac- 
teristic lesions  of  the  disease  from  ten  to  fourteen  days  later. 

The  conidia  that  are  produced  late  in  the  season  may  live  throughout 
the  dormant  season  and  bridge  the  fimgus  over  winter,  but  in  many 
cases  a  specialized  fruiting  body  (apothecium)  is  developed  in  the  diseased 
leaves  that  fall  to  the  groimd  in  the  autumn.  In  the  following  spring 
ascospores  are  developed  in  the  apothecium,  and  usually  soon  after  the 
first  leaves  are  pushed  forth  on  the  bushes  the  ascospores  are  discharged. 

(1906)  Klebahxi,  H.   Untersuchun^en  uber  einige  fuogi  ixnperfecti  und  die  sogehdrigen  aacomyoetenfomMO. 
III.  Gloecsporium  ribis  (LibJ  Mont,  et  Desm.    Zeitschr.  pflanzenkr.  i6  :  65-83. 
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Carried  by  wind  and  rain  they  fall  on  the  new  foliage  and  germinate, 
thus  producing  the  first  infections  of  the  season. 

The  fungus  is  apparently  influenced  by  the  same  weather  conditions  as 
the  other  fungi  causing  leaf  diseases.  With  a  heavy  precipitation  followed 
by  damp,  cloudy  weather,  the  disease  becomes  more  severe.  Sieveral 
epiphytotics  of  the  disease  have  been  observed  in  the  nursery  which 
could  be  associated  with  a  previous  infection  period  of  that  nature. 

Control 

The  suggestions  of  Stewart  and  Eustace  (1901)  for  the  control  of  the 
anthracnose  disease  with  bordeaux  mixture  proved  fairly  satisfactory, 
and  later  Ewert  (1907)  found  that  plants  sprayed  with  one-per-cent 
bordeaux  mixture  showed  very  little  infection  while  adjacent  plants 
were  badly  diseased.  The  applications  made  at  intervals  of  from  ten 
to  fourteen  days  after  May  i  were  effective  in  checking  the  disease. 
Spra)rings  made  before  the  first  of  May  were  of  no  value. 

Throughout  the  season  of  19 12  an  experiment  for  the  control  of  the 
disease  on  Fay  currants  was  conducted  by  the  writer  in  one  of  the  large 
nurseries  of  New  York  State.  Three  rows  were  sprayed  with  lime-sulfur 
1-40,  and  three  other  rows  with  bordeaux  mixture  5-5-50;  the  remaining 
ten  rows  in  the  block  served  as  checks.  The  applications  were  made 
on  the  following  dates :  May  5  and  20,  Jime  6  and  2  2 .  July  8,  and  August  4. 
By  August  ID  the  tmsprayed  bushes  were  completely  defoliated,  while 
those  that  had  been  sprayed  were  practically  free  from  disease  and  held 
their  foliage  until  digging  time. 

A  similar  experiment  was  conducted  on  White  Grape  currant  nursery 
stock  (two-years-old  bushes)  in  19 14,  but  only  lime-sulfur  1-50  was  used. 
Sprayings  were  made  on  May  8  and  21,  Jtme  5  and  30,  July  25,  and 
August  xo.  Frequent  rains  during  July  and  August  caused  abundant 
infections  and  the  tmsprayed  plants  had  lost  their  foliage  by  August  4. 
The  sprayed  bushes  showed  but  little  disease  and  held  their  leaves  until 
digging  time. 

When  appUed  at  the  proper  time,  bordeaux  mixture  5-5-50,  or  Ume- 
sulfur  1-40  or  1-50,  is  effective  in  controlling  the  disease.  It  is  advisable 
to  make  the  first  application  about  the  time  when  the  leaves  are  imfolding, 
and  other  applications  at  intervals  of  from  ten  to  twenty  days  until  about 
five  or  six  sprayings  have  been  made.  It  is  essential  to  keep  the  foliage 
covered  and  well  protected  throughout  the  summer.  In  a  dry  season 
so  many  sprayings  may  not  be  required,  while  on  the  other  hand  prolonged 

(igox)  Stewart,  F.  C,  and  Eustace,  H.  J.    An  epidemic  of  currant  anthracnose.     New  York  (Geneva) 

Agr.  Bzp.  Sta.     Bui.  199  :  63-80. 
(1907)  Ewert,  R.     Bin  beitrag  zur  entwickelungsgeschichte  sowie  zur  ermittelung  der  infektionsbeding- 

im^eo  und  der  beaten  oekAmpfungsart  von  Gloeoeporium  ribis  (Lib.)  Mont,  et  Desm.     (Pseudo* 

pesaa  ribis  Kleb.)    Zeitschr.  pflanaenkr.  17 :  isft-169. 
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wet  weather  necessitates  more  frequent  applications.  For  the  first  two 
sprayings  it  is  usually  desirable  to  add  2  pounds  of  arsenate  of  lead  to 
50  gallons  of  the  solution  as  a  preventive  against  the  attacks  of  worms. 

SBPTORIA   LEAF-SPOT  OP   CURRANTS  AND  GOOSEBERRIES 

The  Septoria  leaf-spot  (Pammel,  1891,  1892)  occurs  on  various  species 
of  Ribes.  In  New  York  State  it  is  often  the  chief  cause  of  the  dropping 
of  currant  leaves  and  may  also  be  destructive  on  gooseberries;  this  is 
especially  true  for  ntu-sery  stock.  In  the  spring  of  19 13  this  disease 
was  exceedingly  prevalent  in  several  large  nurseries  that  were  visited 
by  the  writer,  and  heavy  defoliation  resulted  during  the  month  of  Jtme. 
In  many  cases  the  disease  may  be  found  on  the  same  leaves  that  are 
affected  by  anthracnose. 

All  the  standard  varieties  of  currants  and  gooseberries  grown  in  New 
York  State  may  be  affected,  but  some  are  more  resistant  than  others. 
The  white  and  red  currants  are  more  susceptible  than  the  black  varieties, 
such  as  Naples.  It  is  to  be  noted,  however,  that  the  Septoria  leaf-spot 
is  usually  more  severe  on  the  black  varieties  than  the  anthracnose  disease 
previously  discussed.  Usually  when  affected  by  the  leaf-spot  the  foliage 
of  the  white  and  red  currants  falls  more  readily  than  that  of  Ribes  nigrum^ 
variety  Naples. 

Symptoms 

The  Septoria  leaf-spot  disease  causes  rather  large  lesions  with  gra3dsh 
centers  and  brown  borders.  Usually  the  spots  are  about  one-eighth  of 
an  inch  in  diameter  and  are  more  or  less  angular  in  outline.  Within 
the  grayish  center  of  old  lesions  may  be  observed  several  minute  black 
specks  (Pig.  79).  The  spots  may  be  few  or  many  on  the  leaf;  when 
they  are  numerous,  the  leaf  turns  yellow  and  falls  readily.  The  Septoria 
leaf-spot  may  be  easily  distinguished  from  the  anthracnose  disease  (Fig. 
77)  by  the  much  larger  and  well  defined  lesions,  with  characteristic 
light-colored  centers.  It  has  been  reported  by  Stewart  and  Eustace 
(1901)  that  the  Septoria  spots  on  foliage  of  Ribes  nigrum  may  be  con- 
siderably smaller  than  the  usual  size  found  on  red  and  white  varieties, 
but  in  every  case  the  spots  are  always  larger  than  thase  of  the  anthracnose. 
The  anthracnose  lesions  are  black  and  often  are  no  larger  than  a  pinhead. 

Cause 
The  disease  is  caused  by  the  fungus  Septoria  ribis  Desm.,  and  is  very  simi- 
lar to  the  fimgus  causing  the  Septoria  leaf-spot  of  pears  (Fig.  91,  page  706). 

(189X)  Pammel,  L.  H.  Spot  dioeaaea  of  currants  and  gooseberries.  Iowa  Age.  Exp.  Sta.  Bui.  13 :  67-70. 
(xSpa)  PanuneU  L.  H.    Treatment  of  some  fungus  diseases.     Currants.     Iowa  A^r.  Bzp.  Sta.    Bui. 

17  :  430-421. 
(igoi)  Stewart,  P.  C,  and  Bustace,  H.  J.    An  epidemic  of  carrant  anthracnose.    Nbw  York  (Gaaflva) 

Agr.  Exp.  Sta.    Bui.  199  :  67. 
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Life  history 
When  the  fruiting  bodies  (pycnidia)  of  the  fungus  in  the  old  spots 
on  the  leaves  are  mature,  the  spores  are  pushed  out  through  the  opening 
in  the  top  of  the  pycnidium.  Carried  by  wind  and  rain,  they  are 
disseminated  in  all  directions.  Falling  on  newly  developed  leaves,  the 
spores  germinate  by  germ  tubes  when  moisture  conditions  are  suitable. 
The  germ  tube  penetrates  the  host  cells  and  develops  a  myceliimx  within 


PHOTOGRAPH  BY  P.  C.  STEWART 

Pig.  79.-^  i4  leaf  of  red  currant  affected  by  the  leaf -spot  fungus,  Septorta 

ribis 

the  leaf  tissue,  thus  producing  a  new  infection.  The  lesion  becomes 
apparent  some  days  later,  and  with  the  development  of  the  fimgus  the 
spot  assumes  the  characteristic  appearance  with  the  minute  black  pycnidia 
in  the  pale  central  dead  area.  Soon  mattu^  spores  are  pushed  out  of  the 
pycnidia  and  a  means  for  further  spread  of  the  fungus  is  afforded.  The 
pathogen  continues  to  spread  throughout  the  summer  whenever  weather 
conditions  are  favorable.  As  with  practically  all  leaf-spot  fungi,  heavy 
rains,  followed  by  damp,  cloudy  weather,  greatly  augment  the  spread 
of  this  parasite. 
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Although  not  definitely  determined,  it  is  very  probable  that  the  fungus 
lives  over  winter  by  a  sexual  stage  on  the  fallen  currant  and  gooseberry 
leaves.  In  spring  the  production  of  spores  by  the  sescual  stage,  and  their 
dissemination  to  the  newly  developed  foliage  of  species  of  Ribes,  probably 
account  for  the  first  infections  of  the  season. 

Control 

Sprayings  that  are  suitable  for  the  control  of  the  anthracnose  control 
also  the  Septoria  leaf-spot.  The  first  application  should  be  made  soon 
after  the  new  leaves  are  pushed  forth  in  the  spring.  This  spra3nng  shotild 
be  followed  by  two  or  three  applications  made  at  intervals  of  from  two 
to  three  weeks.  Bordeaux  mixture,  or  lime-sulfur  1-50,  is  very  effective 
in  the  control  of  this  disease.  Lime-sulfur  at  a  strength  of  1-40  also 
has  been  used  on  currant  and  gooseberry  foliage  without  causing  any 
burning  of  the  leaves. 

The  spraying  should  be  thoroughly  done,  in  order  to  cover  all  the 
leaves.  Owing  to  the  bushy  growth,  some  difficulty  is  often  experienced 
in  properly  spraying  the  foliage  on  the  larger  currant  and  gooseberry 
stock.    Care  should  be  taken  to  coat  all  the  leaves  with  the  fungicide. 

THE   GOOSEBERRY  MILDEW 

The  gooseberry  mildew  is  often  very  destructive  and  is  of  considerable 
economic  importance.  It  occurs  in  all  parts  of  America  where  goose- 
berries are  grown  and  is  known  to  occasionally  affect  currant  bushes  also. 

Apparently  the  disease  was  confined  to  America  imtil  about  1900, 
when  it  was  reported  from  Europe  (Salmon,  1905),  and  in  1906  a  serious 
outbreak  of  the  gooseberry  mildew  occurred  there.  Since  that  time 
it  has  appeared  there  every  year  and  according  to  Eriksson  (191 5)  it 
has  been  very  destructive.  The  European  varieties  of  gooseberries  are 
not  able  to  withstand  the  attacks  of  the  mildew  and  for  that  reason  the 
spread  of  the  disease  has  been  exceedingly  rapid.  In  America  the  varieties 
of  gooseberries  imported  from  Europe  are  more  susceptible  to  the  mildew 
than  the  varieties  that  have  originated  in  this  country.  The  Smith 
and  Whitesmith  varieties  are  less  resistant  than  the  Downing.  The 
Houghton  is  the  most  susceptible  of  the  American  varieties.  Although 
the  disease  is  widespread  there  is  a  tendency  for  it  to  be  localized  in  certain 
plantings,  where  it  becomes  established  and  appears  to  some  extent  each 
year.  This  condition  is  particularly  noticeable  in  nursery  stools,  which 
remain  on  the  same  ground  for  a  period  of  years.  The  mildew  first  appears 
on  these  stock  plants  and  later  spreads  to  other  plantings  if  conditions 

(1905)  Salmon.  E.  S.    On  the  present  aspect  of  the  epidemic  of  the  American  gooseberry-mildew  in  Europe. 

Joum.  Roy.  Hort  Soc.  ag  :  xoa-zio. 
(19x5)  Brikssoii,  Jakob.    International  pbytopathologic  collaboration.    Phytopath.  5  :  I33>i40. 
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are  ^vorable.  This  disease  is  more  destructive  during  wet  seasons, 
and  may  flourish  so  abundantly  that  it  is  very  difficult  to  control.  The 
lower  parts  of  the  bushes,  which  are  more  or  less  shaded,  are  usually 
first  affected. 

Symptoms 

The  leaves,  the  stems,  and  the  fruit  are  attacked.  The  first  appearance 
of  the  disease  is  usually  in  May  or  Jime.  Small  white  patches  may  be 
noticed  on  the  fruit,  usually  oh  the  lower  parts  of  the  bush  where  there 
is  considerable  shade.  The  spots  on  the  fruit  continue  to  enlarge,  becom- 
ing somewhat  darker  in  color,  and  the  feltUke  blotches  may  practically 
cover  the  fruit.  If  the  disease  is  severe  the  fruit  may  be  stunted  in  its 
development  and  may  even  decay  somewhat. 

In  the  nursery  the  mildew  is  commonly  observed  on  the  tips  of  the  yoimg 
shoots  in  Jime  or  the  early  part  of  July.  The  white,  feltlike  spots  con- 
tinue to  enlarge  and  may  almost  completely  cover  the  tips,  extending 
for  some  distance  down  the  shoots.  If  the  disease  is  very  severe  the 
new  growth  is  destroyed  and  the  older  wood  may  be  considerably  injured. 
The  writer  has  observed  second-year  nursery  plantings  in  which  the 
foliage  was  almost  entirely  killed  by  the  mildew  during  July  and  August. 
This  condition  not  only  checks  the  development  of  the  stock  for  the 
season,  but  also  makes  the  bushes  more  susceptible  to  winter  injury. 

In  commercial  plantings  the  disease  is  often  so  severe  as  to  destroy 
the  crop  of  fruit  and  to  seriously  damage  the  bushes. 

Cause 

The  gooseberry  mildew  is  caused  by  the  parasitic  fungus,  SphcBrotheca 
mors^vcB  (Schw.)  B.  &  C.  This  fungus  is  very  similar  to  the  organism 
causing  the  mildew  on  roses  (Pig.  94,  page  713),  and  resembles  in  many 
respects  the  mildew  of  apples  (Fig.  70,  page  671). 

Dense  masses  of  mycelial  threads  of  the  fungus  form  the  white  patches 
on  fruit  and  twigs.  Certain  mycelial  threads  are  pushed  up,  and  on 
these  are  borne  large  numbers  of  conidia. 

Life  history 

The  conidia  borne  in  the  white  patches  of  mycelitmi  serve  to  spread 
the  fungus  throughout  the  summer.  Carried  by  wind  and  rain,  a  coniditmx 
falling  on  a  gooseberry  leaf  germinates,  if  sufficient  moisture  is  present, 
and  produces  a  mycelium,  which  is  apparent  to  the  naked  eye  a  few  days 
later.  With  .the  development  of  the  mycelium,  resulting  in  the  formation 
of  the  characteristic  mildew  spots,  conidia  are  produced,  which  are  a  means 
of  further  spreading  of  the  parasite.  After  midsimimer  specialized  fruiting 
bodies  (peritheda)  are  produced  in  the  old  mycelial  patches  of  mildew  on 
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the  twigs,  and  these  fruiting  bodies,  being  very  resistant  to  cold  and 
adverse  conditions,  bridge  the  fungus  over  winter.  In  spring  or  early 
summer  the  peritheda  discharge  mature  ascospores,  which  are  carried 
by  wind  and  rain  and  produce  the  first  infection  on  the  new  foli^^e.  On 
these  infected  areas  conidia  are  developed  which  propagate  the  fungus 
throughout  the  summer. 

Control 

As  in  the  case  of  most  mildew  diseases,  bordeaux  mixture  has  not  proved 
effective  in  controlling  the  gooseberry  mildew.  The  mycelium  of  this 
fungus  is  more  persistent  than  that  of  most  mildews,  and  the  disease 
is  somewhat  more  difficult  to  control.  Close  (1899)  conducted  some 
rather  extensive  experiments  for  the  prevention  of  this  disease,  and  found 
that  potassium  sulfide,  i  otmce  to  2  gallons  of  water,  was  much  more 
effective  than  the  other  mixtures  tested  —  bordeaux  mixture,  lysol,  and 
formalin.  He  recommends  that  the  first  spraying  with  potassium  sulfide 
be  made  just  as  the  buds  are  opening,  and  if  the  conditions  are  such  that 
the  disease  threatens  to  be  serious  the  sprayings  should  be  continued 
at  intervals  of  from  ten  to  fourteen  days. 

Lime-sulfur  solution  1-40  is  also  effective  for  the  control  of  this  disease. 
The  first  spraying  should  be  made  early  in  the  season  as  soon  as  the 
mildew  appears,  and  subsequent  applications  should  be  made  according 
to  the  prevalence  of  the  disease;  if  very  abtmdant  three  or  four  sprayings 
at  intervals  of  from  eight  to  twelve  days  may  be  necessary  in  order  to 
protect  the  developing  shoots. 

LEAF-BLOTCH   OF   HORSE- CHESTNUT 

Leaf-blotch,  also  known  as  leaf-blight,  is  tmdoubtedly  the  most  de- 
structive  disease  affecting  the  horse-chestnut.  This  is  particularly  true 
of  nursery  stock.  Very  often  the  seedling  beds  are  completely  defoliated 
by  midstunmer  and  the  growth  of  the  yoimg  trees  is  greatly  retarded. 

When  the  disease  has  become  established  in  a  block  of  trees,  it  usually 
causes  considerable  damage  each  year.  The  affected  trees  develop  more 
slowly  and  a  longer  period  of  time  is  required  for  them  to  attain  a  market- 
able size.  The  writer  has  observed  certain  blocks  of  horse-chestnuts 
which  were  so  severely  affected  that  they  made  practically  no  growth 
throughout  the  summer.  Trees  imported  from  Eiux)pe  and  transplanted 
to  the  nursery  are  sometimes  not  so  severely  injured,  especially  the  fiast 
year.  This  is  probably  due  to  the  fact  that  the  trees  are  frequently 
set  out  at  a  considerable  distance  from  other  horse-chestnut  plantings, 
and  the  disease  does  not  become  established  in  the  newly  planted  trees 
the  first  season. 


(1899)  Clofie,  C.  p.    Treatment  for  gooeebeny  mildew.     New  York  (Geneva)  Agr.  B19.  Sta.    Bal. 
161  :  153-164. 


Digitized  by  VjOOQ IC 


Some  Important  Leaf  Diseases  of  Nursery  Stock 


691 


The  leaf-blotch  disease  is  widely  distributed  and  occurs  in  practically 
all  countries  where  the  horse-chestnut  grows.  It  is  very  common  in 
New  York  State  on  forest  and  shade  trees  as  well  as  on  ntirsery  stock. 

Symptoms 

The  leaves,  and  occasionally  the  petioles,  are  affected.  The  first 
indication  of  the  disease  on  the  leaf  is  a  slight  discoloration  on  the  upper 
side,  resulting  in 
the  formation  of 
a  small  yellowish 
or  red  spot,  about 
(Wie  millimeter  in 
diameter.  After 
three  or  four  days, 
as  the  disease  ex- 
tends into  the 
healthy  tissue 
from  the  point 
of  infection,  the 
lesion  appears 
water-soaked. 
Gradually  the 
center  of  the 
lesion  becomes 
dark  red  to  brown 
in  color,  while 
the  margin  shows 
the  yellowish  dis- 
coloration, blend- 
ing into  the  green 
of  the  healthy 
tissue;  and  finally 
the  discolored 
area  becomes 
dried  out  and 
dead.     The  spots 

are  somewhat  irregular  in  shape;  they  may  be  small  or  of  considerable  size, 
involving  a  large  part  of  the  leaf  and  causing  the  dead  area  to  curl 
(Fig.  80).  Clusters  of  minute  black  specks  may  be  noticed  occasionally  in 
the  diseased  area. 

The  disease  appears  on  the  petioles  as  irregular  dark  brown  areas. 
Usually  the  lesions  extend  up  and  down  the  petiole,  and  they  may  be 
somewhat  longer  than  wide. 


Fig.  80. —  Leaf  of  a  horse-chestnut  seedling  affected  with  the 
leaf-hlotch  disease.  Some  of  the  leaflets  are  slightly  curled 
and  distorted 
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Cause 
The  disease  is  caused  by  the  fungus  LcBstadia  cbscuU  Peck,  of  which 
the  conidial  and  parasitic  form  is  known  as  Phyllosticta  pavicB  Desm.' 


Life  history 
In  certain  areas  of  the  older 
lesions,  niunerous  fruiting  bodies 
(pycnidia,  Fig.  81)  may  be 
noticed,  appearing  as  small 
black  specks.  When  these  are 
mattire,  spores  are  discharged 
from  them  and  disseminated 
by  wind  and  rain.  Falling  in 
a  suitable  place,  such  as  on  a 
horse-chestnut  leaf,  the  spore 
germinates  in  the  presence  of 
moisture  and  produces  a  new 
infection,  which  is  apparent  in 
In  this  lesion  new  pycnidia  are  produced 


Fig.  81. —  Cross  secHon  of  horse-chestnut  leaf 
through  a  pycnidium  of  the  fungus,  showing 
the  spores  inside^  which  escape  through  the 
opening  in  the  top  of  the  pycnidium 


from  about  eight  to  twelve  days, 
which  discharge  mature  spores, 
and  in  this  way  the  fungus  con- 
tinues to  spread  throughout  the 
summer.  The  ftmgus  lives  over 
winter  by  means  of  the  sexual 
stage  (perithecia,  Fig.  82),  which 
develops  on  the  fallen  leaves. 
In  early  spring  ascospores  are 
discharged  from  the  perithecia 
in  the  old  leaves,  and  if  they 
fall  on  the  newly  developed 
foliage,  with  conditions  suitable 
for  their  germination,  they  pro- 
duce the  first  infections  of  the 
season.  From  these  infections 
the  pycnidia  are  produced  and  the  fungus  is  spread  further  throughout 
the  simimer. 

«In  May,  1885,  G.  W.  Clinton  collected  this  tangos  near  Albany  on  the  petioles  of  J^cuius  hippocasia^ 
num.  and  it  was  described  by  C.  M.  Peck  (Report  of  New  York  State  BotanUt  30 :  si.  1885)  as  a  new 
species.  He  gave  it  the  name  Lasladia  asculia.  In  May,  I9i4i  the  writer  collected  fallen  horse-chestnut 
leaves  which  wowed  a  similar  fungus,  and  a  similar  organism  was  observed  also  on  horse-chestnut  leaves 
which  were  affected  with  the  leaf-blotch  in  the  fall  of  1913  and  had  been  exposed  to  the  weather  through- 
out the  winter  months  in  a  wire  screen.  Inoculations  with  ascospores^  resulting  in  the  production  of  the 
characteristic  Phyllosticta  lesions,  show  that  the  fungus  on  the  over-wmtcred  leaves  is  the  sexual  stage 
of  PhyUostida  pavia.  Morphological  studies  led  the  writer  to  believe  that  the  fungous  named  by  Dr. 
Peck  as  Lastadia  asctdi  Peck  and  the  fungus  on  the  wintered  leaves  are  identical.  It  is  of  interest  also 
to  note  in  this  connection  that  a  spermogonial  stage  has  been  observed  in  the  life  cycle  of  the  leaf- 
blotch  fungu8>     A  more  complete  discussion  of  this  question  is  to  follow  in  a  subsequent  publication. 


Fig.  82. —  Cross  section  of  horse-chestnut  leaf 
through  a  perithecium,  showing  the  saclike 
bodies  (asci)  with  ascospores.  In  early  spring 
the  spores  are  discharged  from  the  asct  and 
escape  through  the  opening  in  the  top  of  the 
perithecium 
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Control 

But  little  experimental  work  has  been  done  in  the  control  of  this  disease. 
Pairchild  (1894)  conducted  some  experiments  for  the  prevention  of  the 
leaf-blotch  in  the  nursery  and  obtained  fairly  satisfactory  results  with  the 
use  of  bordeaux  mixture.  The  sprayed  seedling  trees  made  a  better 
growth,  and  also  held  their  foliage  longer,  than  the  untreated  trees.  Fair- 
child  was  of  the  opinion  that  better  results  would  have  been  obtained 
if  the  applications  of  the  fungicide  had  been  more  numerous.  Several 
attempts  have  been  made  by  the  writer  to  check  this  disease  in  the  nursery, 
but  the  results  were  not  satisfactory.  The  disease  has  always  been  found 
to  a  large  extent  on  the  treated  trees.  It  is  beUeved,  however,  that  the 
sprayings  were  not  started  early  enough.  Studies  of  the  life  history  of 
the  fungus  indicate  that  the  first  infection  may  occur  soon  after  the  new 
leaves  push  forth.  In  order  to  prevent  the  fungus  from  becoming  estab- 
lished, therefore,  it  is  necessary  to  spray  before  these  first  infections 
occur  in  early  spring. 

Lime-sulfur  solution  1-40,  also  lime-sulfur  plus  iron  sulfate,  3  pounds 
to  50  gallons,  and  bordeaux  mixture,  were  used  in  the  experimental 
work  for  the  control  of  this  disease.  The  sprayed  trees  showed  less 
disease  than  did  the  imtreated  stock.  Commercial  bordeaux  mixture 
did  not  stick  so  well  to  the  smooth  foUage  of  the  horse-chestnut  as  did 
the  Ume-sulfur  solution. 

It  is  recommended  that  the  first  spraying  for  the  prevention  of  this 
disease  be  made  just  after  the  leaf  buds  burst  in  the  spring.  This  appli- 
cation should  be  followed  by  at  least  two  other  sprayings,  made  at  intervals 
of  from  ten  to  fourteen  days.  Two  or  three  additional  applications  are 
usually  advisable.  The  time  for  these  later  sprayings  should  be  governed 
by  weather  conditions;  in  rainy  seasons  the  applications  need  to  be  made 
more  frequently  in  order  to  keep  the  foliage  covered  and  protected. 

PEACH  LEAF-CURL 

Peach  leaf-curl  is  distinctly  pecular  to  the  peach  and  to  forms  derived 
from  it,  such  as  the  nectarine  and  the  peach  almond.  The  peach  is  the 
natural  host  for  the  leaf -curl  parasite,  but  the  disease  has  been  observed, 
though  rarely,  on  plums  and  almonds  also. 

Leaf-curl  is  now  a  more  or  less  common  cUsease  in  all  regions  where 
peaches  are  grown.  It  has  been  known  for  a  long  time  in  England,  where 
it  was  described  as  early  as  1821,  by  an  English  gardener,  as  **  blister." 
According  to  Pierce  (1900),  it  is  usually  severest  near  the  seacoast  or  large 

(1894)  Pairchild,  D.  G.  Experiments  with  fungicides  to  prevent  leaf-blight  of  noTBery  ftock.  Hono* 
chestnut  leaf -blight  {PhyUosHcta  sPfuBropsoid€a  B.  ft  E.)    Joum.  myc.  7:353-353. 

(1900)  Pierce,  N.  B.  Peach  leaf  cuil:  ita  nature  and  treatment.  U.S.  Agr.  Dept.,  Veg.  Path,  and  Phyt. 
Div.    Bui.  flo :  1-304. 
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interior  lakes.  It  is  very  common  and  destructive  in  the  peach-growing 
section  of  the  United  States  and  Canada,  about  the  Great  Lakes. 

Pierce  (1900)  has  est  mated  that  the  annual  loss  caused  by  this  disease 
in  the  orchards  of  the  United  States  is  $3,000,000.  In  the  nursery  the 
loss  is  particularly  noticeable  from  the  fact  that  the  young  trees  are 
affected  when  they  are  in  the  most  critical  stage  of  their  development, 
namely,  just  as  the  grafted  buds  start  to  grow  in  the  spring.  Peach 
leaf -curl  was  epiphytotic  in  the  nurseries  of  New  York  State  in  1909 
and  also  iii  19 10.  Careful  observations  as  to  the  damage  caused  by  this 
disease  showed  that  about  eighty-five  per  cent  of  the  infected  shoots 
failed  to  develop  into  first-class  trees.  The  following  is  taken  from  notes 
made  by  the  writer  on  July  16,  19 10,  with  reference  to  the  leaf-curi  disease 
in  one  of  the  large  nurseries  of  this  State. 

**  A  severe  windstorm  blew  over  many  peach  trees  (first-year  buds). 
In  most  cases  the  trunks  of  these  trees  were  affected  with  the  peach  leaf- 
curl  disease.  Weekly  measurements  have  been  made  of  about  two  hundred 
and  twenty  trees  since  May  30.  The  average  height  of  the  healthy 
stock  on  July  8  was  34  inches,  as  compared  with  14  inches  for  the  average 
height  of  the  diseased  stock.  Out  of  sixty-eight  diseased  trees  ten  are 
first-class  stock,  fifty  can  never  be  put  on  the  market,  and  it  is  doubtful 
whether  four  are  salable.  Out  of  fifty-six  healthy  trees  recorded,  fifty- 
fotir  are  first-class  stock." 

Varietal  susceptibility 

Different  varieties  grown  under  similar  conditions  show  marked  differ- 
ences in  susceptibility  to  the  disease.  A  comparison  of  data  on  varietal 
resistance  of  trees  in  different  regions  may  show  some  conflicting  state- 
ments as  to  the  resistance  of  certain  varieties.  This,  no  doubt,  is  due 
to  the  fact  that  the  same  variety  is. known  to  show  marked  difference 
in  its  resistance  to  leaf-curl  when  grown  imder  diverse  environmental 
conditions  (Duggar,  1899). 

In  1909  and  19 10,  when  peach  leaf-curl  was  very  abundant  in  the 
nurseries  of  New  York  State,  accurate  counts  were  obtained  as  to  the 
susceptibility  of  the  different  varieties.  In  Table  3  are  listed  the  different 
varieties,  the  total  number  of  trees  of  each  variety,  and  the  nimiber  and 
percentage  of  trees  that  were  so  badly  diseased  as  to  be  unsalable.  It  is 
to  be  considered  that  the  number  of  trees  affected  greatly  exceeds  the 
number  included  in  this  table,  which  gives  only  the  number  of  trees 
that  were  ruined.  Some  shoots  having  only  one  or  two  leaves  affected 
outgrew  the  disease,  and  the  trees  developed  sufficiently  to  be  marketable. 

(X899)  Duggar,  B.  M.     Peach  leaf  curl.     New  York  (Cornell)  Agr.  Exp.  Sta.     Bui.  164  :  371-388. 
rx900)  Pierce.  N.  B.     Peach  leaf  curl:  its  nature  and  treatment.    U.  S.  Agr.  Dept.,  Veg.  Path,  and  Phys. 
Div.     Bui.  20  :  x-204. 
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A  ccanparison  of  the  percentage  of  diseased  trees  of  the  varieties  Carman 
and  Richards  is  of  interest.  These  two  varieties  were  grown  in  the  same 
block,  under  similar  conditions,  and  received  the  same  amoimt  of  culti- 
vation and  attention  throughout  the  season. 


TABLE  3. 


A  Comparison  of  the  Susceptibility  of  Different  Varieties  of 
Peach  Trees  to  tiIe  Leaf-curl  Disease 


Variety 


Total 
number 
of  trees 


Number  of 

unsalable 

trees 


Percentage  of 

unsalable 

trees 


Carman 

Elberta 

Oldmixon  Free. 

Triumph 

Mountain  Rose 
Late  Crawford . 

Globe 

Heath.. 

Champion 

Crosby 

Smock 

Wheatland 

Stump 

Willet 

Wager 

Chairs 

Niagara 

cm 

Morris  White . . 

Salway 

Sneed.; 

Fitzgendd 

Greensboro 

Early  Canada.. 

Foster 

Richards 


4.185 
4.375 
2,812 
2,120 

•  431 
2,838 

1.953 

851 

3.130 

2.279 

1.899 

636 

1,448 

308 

686 

680 

681 

.378 

684 

582 

273 
2,086 

725 

639 

530 

2,398 


1,076 
903 
390 
273 

49 
300 
169 

42 
132 

86 

44 
12 

24 
5 
II 
10 
9 
5 
9 
5 
2 

9 
3 

2 
I 
I 


25.7 
20.6 

13  9 
12.9 
II. 4 
10.6 
8.6 

4-9 
4-2 
3.8 
2.3 
19 
1.6 
1.6 
1.6 
15 
13 
13 
13 
.8 

.7 

.4 

•4 

.3 

•19 

.04 


Symptoms 
The  first  evidence  of  the  disease  is  the  arching  and  reddening  of  the 
affected  areas  in  the  young  unfolded  leaves  as  they  begin  to  protrude 
from  the  opening  bud  scales.  The  lesions  may  be  confined  to  a  part  of 
the  blade  or  the  petiole,  or  they  may  involve  the  entire  leaf  and  extend 
into  the  twig.  The  diseased  parts  are  thick  and  brittle,  causing  a  con- 
siderable increase  in  weight  of  the  affected  leaves.  With  the  maturation 
of  the  leaves  the  pale  yellow  or  red  color  disappears  and  the  hypertrophied 
area  on  the  upper  surface  becomes  silvery  in  appearance.  The  first 
leaves  to  expand  are  usually  the  most  affected,  and  the  curled  leaves 
finally  die  and  drop  from  the  tree.  A  new  crop  of  leaves  may  be  developed 
on  orchard  trees  following  the  defoliation,  and  these  are  seldom  affected. 
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PHOTOGRAPH  BY  WALLACE  AND  WHETZEL 


Fig.  83. —  A  ptach  bud,  showing  the  effects  of  the  leaf -curl  disease  on  leaves  and  stem 
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The  flowers  and  the  young  fruit  of  orchard  trees  may  also  be  attacked, 
according  to  Wallace  and  Whetzel  (1910),  and  on  the  rapidly  growing 
shoots  the  disease  causes  a  marked  swelling,  checking  their  growth  in 
length  and  causing  a  marked  increase  in  diameter. 

The  sickly,  yellow,  curled  foliage  and  the  distorted  shoots  of  the  young 

buds  (Fig.  83)  are  the  striking  characters  of  this  disease  in  the  nursery. 

Also,  the  badly  affected  trees  are  considerably  shorter  than  the  healthy 

stock  (Fig.  84). 

Cause 

The  disease  is  caused  by  an  ascomycetous  fungus  known  as  Exoascus 
deformans  (Berk.)  Fckl.    On  the  surface  of  old  affected  tissues  the  fimgus 


Fig.  84. —  Carman  peach  buds.  The  trees  on  the  left  were  affected  with  leaf-curl 
early  in  the  season  and  made  a  stunted  growth  as  compared  with  the  healthy 
trees  shown  on  the  right.     Photograph  maae  on  July  is,  1910 

develops  minute  sacUke   bodies,  known  as  asd   (Fig.  85).    These  con- 
tain spores  which  are  discharged  and  serve  as  a  means  of  disseminating 

the  fimgus. 

Life  history 

The  complete  life  history  of  the  parasite  is  as  yet  unknown.  Although 
not  definitely  determined,  it  is  prestuned  that  spores  of  some  kind  which 
propagate  the  fungus  are  lodged  by  wind  or  rain  among  the  hairs  of 
bud  scales  of  the  host  plant  in  spring,  and  remain  dormant  over  winter 
imtil  favorable  conditions  arise  in  the  following  year."     In  spring  the 

(1910)  Wallace.  Brrett,  and  Whetsel.  H.  H.  Peach  leaf  curl.  New  York  (Cornell)  Agr.  Exp.  Sta.  BuL 
276  :  157-178. 
*  The  question  arises  as  to  the  use  of  scions  cut  from  trees  on  which  there  is  considerable  leaf  curl.  In 
the  year  1910,  when  there  was  a  very  large  amount  of  curl  in  one  of  the  large  nurseries  of  the  State,  all 
the  scions  for  budding  were  cut  from  blocks  in  which  ^ere  were  many  affected  trees.  In  the  following 
jrear  conditions  were  uof avorable  for  the  disease,  and  only  one  diseased  bud  was  observed  out  of  the  300,000 
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spores  germinate  during  rains,  which  cause  the  buds  to  swell;  and  the 
germ  tube,  passing  in  between  the  loosened  bud  scales,  penetrates  and 
establishes  the  parasite  within  the  young  leaf  tissues.  It  was  at  one 
time  believed  that  the  myceliimi  of  the  fungus  was  perennial,  wintering 
in  the  diseased  twigs,  growing  out  into  the  leaves,  and  developing  shoots 
in  the  spring;  but  according  to  Pierce  (1900)  it  is  very  doubtful  whether 
infections  arise  in  the  early  spring  from  a  perennial  mycelixmi. 


Sac  ' 


/7ii/ce//am  of^fyefunqas 


Fig.  85. —  Cross  section  of  a  diseased  part  of  a  peach  leaf,  showing  the  fungus 
and  its  relation  to  the  leaf  tissue.     After  Wallace  and  Whetzel 

Control 

Bordeaux  mixture  or  lime-sulfur  1-20  is  very  effective  in  the  control 
of  this  disease.  Only  one  spraying  is  necessary,  but  it  is  essential  that 
this  application  be  made  before  growth  starts  in  the  spring  and  the  buds 
have  started  to  swell.  Thoroughness  of  the  application  is  of  absolute 
importance.     Every  bud  must  be  completely  coated  with  the  fungicide. 

For  New  York  nurserymen,  spraying  each  year  for  peach  leaf-ciu"l  is 
considered  advisable  as  an  instirance  against  the  disease.  The  sprajdng 
should  be  done  as  soon  as  the  peach  stocks  are  **  snagged  "  and  before 

(xgoo)  Pierce,  N.  B.    Peach  leaf-curl:  it9  nature  and  treatment.    U.  S.  Agr.  Dept.,  Veg.  Path,  and  Pfan, 
Div.    Bui.  20  : 1-304. 
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the  rush  of  spring  work  b^ins.  If  it  is  desired  to  control  San  Jos^  scale 
also,  an  application  of  lime-sulfur  solution  1-9  will  control  both  the  scale 
and  the  leaf-curl  disease.  It  is  absolutely  essential  that  the  grafted  bud 
in  the  stock  be  thoroughly  coated  with  the  spray  mixture.  The  thorough- 
ness of  the  spraying  depends  on  several  factors:  (i)  When  budding  is 
done  late  some  nurserymen  fail  to  cut  the  strings.  Many  of  these 
old  strings  do  not  rot  and  fall  off  the  stocks,  and  in  spring  these 
may  partially  cover  the  bud,  thus  preventing  the  fungicide  from 
completely  covering  the  bud.  (2)  Plowing 
up  to  the  stocks  in  autumn  and  the 
upheaval  of  the  ground  by  frost  frequently 
leave  the  bud  covered  with  dirt  at  the  time 
for  spraying.  (3)  The  most  important 
factor  is  a  satisfactory  means  of  applying 
the  fungicide.  A  power  sprayer  can  be 
used  with  trailers,  one  man  spraying  each 
row.  However,  very  satisfactory  results 
have  been  obtained  by  the  writer  with  the 
use  of  hand  sprayers  having  an  extension 
rod  (Fig.  86).  Such  an  outfit  insures  that 
the  bud  will  be  reached  by  the  spray 
mixture  and  thoroughly  covered.  Lime- 
sulfur  solution  is  preferable  for  leaf-curl 
spraying,  as  the  application  can  be  com- 
bined with  the  spraying  for  San  Jos6  scale, 
which  is  done  while  the  trees  are  still 
dormant. 

Although  the  natural  buds  on  the  stocks 
are  also  attacked,  no  damage  occurs  from 
these  infections  as  the  natural  buds  are 
sprouted  soon  after  growth  begins.  In 
some  seasons  there  may  be  considerable 
infection  in  the  natural  buds  while  the 
grafted  bud-shoots  remain  free  from  disease.  This  condition  is  doubtless 
due  to  the  fact  that  the  natural  buds  start  growth  a  few  days  earlier  than 
the  grafted  buds.  With  conditions  favorable  for  infection  when  the 
natural  buds  started  to  develop,  the  failtire  of  the  grafted  buds  to  become 
diseased  some  days  later  can  be  attributed  to  changes  in  the  weather, 
particularly  a  rise  in  temperature. 

From  the  information  at  hand  it  may  be  generally  stated  that  the  peach 
leaf-curl  disease  is  of  considerable  economic  importance,  both  to  the 
orchardist  and  to  the  nurseryman.     It  is  the  usual  practice  of  the  orchardist 


PHOTOGRAPH  BY  D.  GUNN 

Fig.  86.  —  Compressed-air  hand 
sprayer,  with  extension  rod  and 
nozzle  attached 
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to  spray  for  this  disease  each  year,  and  this  policy  should  be  adopted  by 
all  nurser3anen  who  grow  peach  stock.  The  curl  usually  appears  in 
epiphytotic  form,  causing  heavy  losses  one  year  while  the  next  year  the 
stock  may  be  entirely  free  from  it.  One  man  with  a  hand  sprayer  can 
thoroughly  cover  twenty  thousand  stocks  in  a  day.  The  annual  cost  of 
this  operation  can  be  compared  in  no  way  with  the  great  insurance  afforded 
against  the  disease  in  years  when  the  curl  is  destructive. 

LEAF-BLIGHT   OF   PEAR  AND  QUINCE 

Leaf-blight  of  pear  and  quince,  sometimes  called  fruit-spot  or  scald, 
has  been  known  for  many  years  in  America  as  weU  as  in  Europe,  where 
it  was  reported.in  Prance  as  early  as  1815.  It  is  known  to  occur  in  practi- 
cally all  coimtries  where  pears  are  grown,  and  also  on  various  other  hosts. 
The  disease  is  prevalent  particularly  in  Germany,  Sweden,  Italy,  and 
Prance.  In  the  United  States  it  is  most  common  in  the  pear-growing 
sections  of  the  Appalachian  region,  and  the  disease  is  weU  known  in  prac- 
tically all  nursery  districts. 

Occurrence  on  different  hosts 

In  the  nursery  the  disease  is  usually  found  in  abundance  on  budded 
quince  stock  and  pear  seedUngs  (Duggar,  1898).  It  is  known  to  occur  also 
on  Crataegus  and  apple,*  and  according  to  Southworth  (1889)  it  has 
been  found  on  Cotoneaster  tomentosa  and  Mespilus  germanicus,  two  plants 
related  to  the  quince  and  the  pear.  All  the  standard  varieties  of  quince 
grown  in  New  York  State  nurseries  are  susceptible  to  the  disease.  The 
same  may  be  said  of  the  pear  varieties,  but  the  Kieffer  and  the  Angou- 
leme  are  perhaps  more  resistant  than  the  Seckel  and  the  Wilder  Early. 
The  Plemish  is  only  occasionally  attacked. 

An  abimdant  infection  on  both  the  leaves  and  the  twigs  was  observed  in 
19 13  on  two-years-old  trees  of  Cratcegus  oxyacanthay  variety  Paul  White 
Thorn.  Adjoining  these  in  the  same  block  were  trees  of  Craicegtis  oxyor 
cantha,  variety  Double  White  Thorn,  which  were  practically  free  from 
disease. 

Symptoms 

Leaves,  petioles,  leaf  scales,  twigs,  and  fruit  may  be  attacked.  The 
disease  appears  first  on  the  leaves  as  small  discolored  areas  on  the  upper 
surface,  which  become  carmine-red  in  the  center,  with  dull  borders,  and 

(X889)  Southworth,  Miss  B.  A.    Leaf-blight  and  cracking  of  the  pear.    U.  S.  Agr.  Dept.    Rept.  1888  : 

357-364. 
(1898)  Duggar.  B.  M.    Some  important  pear  diseases.  II.  Leaf  blight.    New  York  (Cornell)  Agr.  Bzp. 

Sta.    Bui.  Z4S  :  611-6x5. 
*  The  foliage  of  two-years-old  apple  trees  was  observed  by  W.  H.  Burkholder  and  the  writer  to  be  affected 
with  Bntomosporium  m  the  summer  of  191a. 
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which  finally  penetrate  to  the  lower  surface.  The  color  soon  changes 
from  red  to  dark  brown,  and  a  minute,  slightly  elevated,  black  area  ap- 
pears in  the  center  (Fig.  87). 

The  individual  spots  are  more  or  less  circular  in  outline.  If  the  spots 
are  very  numerous,  the  tissue  between  them  may  be  involved  and  the 
spots  may  coalesce.  When  the  trees  are  severely  attacked  the  leaves  turn 
yellow  or  brown,  especially  those  of  quince,  and  readily  fall.  Complete 
defoliation  of  nursery  stock  is  very  common  when  this  disease  is  severe. 


Fig.  87. —  Quince  leaves  affected  with  the  leaf -blight  disease,  showing  the 
dark  red  spots  with  black  centers.  The  yellow  discoloration  also  is  apparent 
on  some  of  the  leaves 

Leaf-blight  may  be  distinguished  from  the  Septoria  leaf-spot  in  that 
the  spots  are  smaller,  more  colored  when  young,  and  somewhat  more 
circular.  The  Septoria  spots  are  apparent  on  the  undersurface  of  the 
leaf.  In  the  nursery,  Septoria  spot  is  generally  found  on  budded  pears, 
while  leaf-blight  is  commoner  on  quinces  and  pear  seedlings. 

The  development  of  the  disease  on  the  twigs  is  about  the  same  as  on 
the  leaves.  The  spots  are  at  first  small  and  circular,  but  later  they 
increase  in  length  and  become  somewhat  depressed,  with  a  slight  elevation 
in  the  center.    The  color  finally  changes  to  a  brownish  black.    A  twig 
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may  be  girdled  by  the  disease,  causing  the  death  of  the  twig  above  the 

point  of  girdling. 

Cause 

The  disease  is  caused  by  the  fungous  parasite  Fabraa  ntaculata  Atk. 
The  fungus  is  also  occasionally  referred  to  as  Stigmatea  mespili  Sor.,  but 

the  former  appears  to  be  the 
more  logical  name  for  this 
organism.  The  parasitic  stage 
of  this  fungus  is  known  as  En- 
tomosporium   mactdaium  Lev. 


Fig.  88. —  Cross  section  of  acervtdus  of  fungus 
on  quince  leaf,  showing  the  insectlike  spores. 
The  cuticle  and  the  efHdermal  cells  of  the  leaf 
have  been  pushed  up  and  broken 


Life  history 
The  small  black  specks  pre- 
viously mentioned,  which  de- 
velop in  the  center  of  the 
affected  areas  of  the  leaf,  are 
the  reproductive  bodies  (acervuli)  of  the  fungus.  Within  the  acervulus 
(Fig.  88)  spores  are  developed,  which  on  being  discharged  are  carried  by 
wind  and  rain  to  the  foliage.  Under  favorable  conditions,  with  the  pres- 
ence of  moisture,  the  spores  germinate  (Fig.  89)  and  produce  new  infec- 
tions. After  three  or  four  weeks  acervuli  develop  in  the  new  infections, 
and  from  these  spores  are  discharged.  In  this  way  the  fungus  is  propa- 
gated throughout  the  simimer. 

Some  of  the  spores  may  live  over  winter  on  the  diseased  twigs  and 
produce  new  infections  when  growth  starts  in  spring;  but  no  doubt  the 
greater  proportion  of  infections  in  early  spring  is  due  to  the  sexual  stage 
(perithecia)  of  the  parasite.  The  perithecia  develop  on  the  fallen  leaves, 
and  the  next  spring  discharge  many 
spores  which  are  carried  by  wind  and 
rain  to  quince  and  pear  foliage;  the 
spores  germinate  with  the  presence  of 
moisture,  and  produce  the  first  infec- 
tions of  the  season. 


Cross  inoculations 
CratcBgus  o}t  pear  and  quince, — 
Abundant  leaf,  petiole,  and  twig  infec- 
tion of  Entomosporium  maculatum  was 
observed  on  June  13,  19 13,  on  two- 
years-old  trees  of  Cratcegus  oxyacantha, 

variety  Paul  White  Thorn.     Spores  from  acervuli  on  the  leaves  were 
placed  in  water.     By  means  of  an  atomizer  two  pear  seedlings  and  two 


Fig.  89. —  An  Entomosporium  spore 
which  has  germinated.  Germ  hibes 
have  developed  from  two  cells  of  the 
spore.    Highly  magnified 
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qtiince  seedlings  were  sprayed  with  the  suspension  of  spores.  Two  pear 
seedHngs  were  sprayed  with  sterile  water  for  checks.  The  seedlings 
were  then  placed  in  moist  chambers  for  three  days.  Seven  days  later 
infections  were  apparent  on  all  the  inoculated  seedlings;  nmture  fruiting 
bodies  developed  on  the  inoculated  leaves  within  twenty  to  twenty-five 
days  after  inoculation.    The  check  trees  remained  healthy. 

Pear  on  quince  and  Craicegus. —  On  Jtme  23,  1913,  two  quince  seedlings 
and  two  Crataegus  shoots  were  inoculated,  in  the  manner  described  above, 
with  Entomosporium  spores  from  diseased  pear  leaves.  Two  quince 
seedlings  were  sprayed  with  water  free  from  spores  as  checks.  Infections 
on  both  quince  and  Crataegus  were  found  after  ten  days.  Mature  fruiting 
bodies  developed  after  twenty-four  days.  The  check  trees  remained 
healthy. 

Quince  on  pear, —  On  June  28  Entomosporium  spores  from  affected 
leaves  from  two-years-old  budded  quince  trees  were  used  for  the  inocula- 
tion of  three  pear  seedlings.  Inoculations  were  made  as  described  above. 
Two  pear  seedlings  were  used  as  checks  and  were  sprayed  with  water 
free  from  spores  All  the  inoculated  trees  were  placed  in  moist  chambers 
for  three  days.  Infections  were  apparent  on  the  inoculated  trees  nine 
days  later;  mature  acervuli  developed  in  twenty  to  thirty  days  after 
inoculation.    The  check  trees  remained  healthy. 

From  these  cross-inoculation  experiments  it  is  to  be  concluded  tliat 
there  are  no  physiological  differences  in  the  fxmgus  on  the  various  hosts. 
The  same  organism  will  attack  pear,  quince,  and  Crataegus. 

Control 

Bordeaux  mixture  of  any  standard  strength  has  been  shown  to  be  effective 
for  the  control  of  this  disease.  Galloway's  (1889,  1894)  and  also  Fair- 
child's  (1893-4)  experiments  on  this  disease  in  the  nursery  proved  spraying 
to  be  profitable.  Sprayed  pear  seedlings  held  their  foliage  much  better 
than  did  unsprayed  trees,  and  were  also  somewhat  larger. 

Experiments  by  the  writer  on  the  control  of  this  fungus  in  the  nursery 
have  shown  both  bordeaux  mixture  and  lime-sulfur  solution  to  be  effective. 
Lime-sulfur  solution  1-50  is  satisfactory  as  a  preventive.  It  has  been  the 
experience  of  the  writer  that,  as  a  rule,  the  spraying  of  pear  buds  and 
quince  seedlings  for  leaf-blight  is  not  necessary  in  the  nursery.  For 
budded  quince  stock,  the  first  spraying  should  be  made  soon  after  the 
first  leaves  are  developed,  when  the  young  buds  are  from  eight  to  twelve 

(1889)  Galloway.  B.  T.     Experiments  in  the  treatment  of  pear  leaf-blight  and  the  apple  powdery  mildew. 

U.  S.  Agr.  Dept.,  Vcg.  Path.  Sec.     Circ.  8  :  i-ii. 
(1893-4)  Fairchild,  u.  G.     Experiments  in  preventing  ?eat  diseases  of  nursery  stock  in  western  New 

York.     Pear  leaf -blight.    Joum.  myc.  7  :  241-247,  338-351. 
(1894)  Galloway,  B.  T.    The  effect  of  spraying  with  fungicides  on  the  growth  of  nursery  stock.    U.  S. 

Agr.  Dept.,  Veg.  Path.  Div.     Bui.  7  :  1-41. 


Digitized  by  VjOOQ IC 


704  Bulletin  358 

inches  in  height.  Subsequent  spra3nngs  should  follow  at  intervals  of 
from  ten  to  fourteen  days  until  about  five  applications  have  been  made. 
For  a  rainy  season  it  may  be  necessary  to  make  one  or  two  extra 
applications,  it  being  essential  to  keep  the  new  leaves  covered  with  the 
fungicide. 

The  foliage  of  newly  planted  seedlings  does  not  develop  as  early  as  stock 
that  has  remained  in  the  ground  over  winter,  and  therefore  the  first  spray- 
ing for  leaf-blight  on  pear  stocks  can  be  delayed  somewhat.  It  is  advisable, 
however,  to  make  the  first  application  soon  after  the  first  leaves  are  de- 
veloped. Four  or  five  sprayings  throughout  the  summer  are  sufficient  to 
keep  the  disease  in  check.  When  extreme  dry  weather  prevails  through- 
out early  summer  and  midsummer,  the  intervals  between  the  first  sprayings 
may  be  extended  somewhat.  If  the  applications  are  made  at  intervals  of 
three  weeks  or  less,  a  greater  proportion  of  the  foliage  is  protected  at  all 
times. 

The  addition  of  3  pounds  of  iron  sulfate  to  lime-sulfur  solution  1-50 
greatly  increases  the  sticking  qualities  of  the  mixture  on  pear  foliage. 

SEPTORIA   LEAP-SPOT  OP  THE   PEAR 

Leaf-spot  of  pear  is  common  in  all  the  nursery  districts  of  New  York 
State  and  is  widely  distributed  throughout  the  United  States  in  both 
orchards  and  nurseries.    It  is  known  to  occur  in  Europe  also. 

The  disease  is  confined  to  the  foliage,  and  in  the  nursery  the  budded 
stock  is  the  most  susceptible.  Duggar  (1909)  observed  that,  while  seed- 
ling pear  stock  in  a  nursery  may  show  leaf-blight  to  a  considerable  extent, 
adjacent  plats  of  budded  plants  may  be  seriously  injured  by  leaf-spot. 
The  budded  stock  of  the  second  year  usually  suffers  seriously.  Sorauer 
(1908)  states  that  the  disease  is  occasionally  found  on  apples. 

When  leaf-spot  is  abtmdant,  considerable  premature  defoliation  results 
and  the  growth  of  the  stock  is  checked.  As  a  rule,  however,  the  disease 
is  not  so  destructive  as  the  pear  leaf-bUght  so  commonly  foimd  on  pear 
seedlings. 

Certain  varieties  of  pears  are  more  susceptible  to  the  disease  than 
others  (Duggar,  1898).  In  the  nurseries  of  New  York  State,  observations 
throughout  several  seasons  show  the  following  varietal  differences  in 
resistance  to  the  leaf-spot:  most  severely  attacked,  Sheldon,  Seckel, 
Bartlett,  Wilder  Early;  considerably  injured,  Worden,  Anjou,  Howell, 
Vermont  Beauty,  Flemish,  Koonce,  Clapp  Favorite,  Clairgeau;  most 
resistant,  Kieffer,  Garber,  Motint  Vernon,  Lawrence,  Angouleme. 

(1898)  Duggar,  B.  M.     Some  important  pear  diseases.  I.  Leaf  spot.     New  York  (Cornell)  Agr.  Bacpi 
Sta.     Bui.  IAS  :  597-6ii. 

(1908)  Sorauer,  Paul.    Septoria  piricola.    Handbuch  dor  Pflanaenlcranlcheiten  a  :  408. 

(1909)  Duggar,  B.  M.    Fungous  disease  of  plants,  p.  358-360. 
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Symptoms 
Only  the  leaves  are  affected.  The  lesions  appear  first  on  the  upper 
surface  as  discolored  spots,  which  are  rather  characteristic  and  make  the 
disease  easily  recognized.  Usually  the  spots  are  not  abundant  on  a  leaf 
tmless  the  disease  is  exceptionally  common;  under  this  condition  some  of 
the  lesions  may  coalesce,  involving  the  healthy  tissue  between.  The 
affected  area  is  somewhat  angular  in  shape;  the  outer  part  of  the  spot 
is  brown  or  black  in  color,  while  the  well-differentiated  center  is  light 


Fig.  90. —  Pear  leaves  affected  with  the  Septoria  leaf-spot  disease.    Some 
of  the  spots  show  the  dark  specks  (pycnidia)  in.  the  center  of  the  white  areas 

gray,  with  six  to  twelve  minute  black  specks  which  are  very  apparent  in 
old  leaves.  The  spots  measure,  on  an  average,  one  and  one-half  to 
two  millimeters,  and  the  grayish  center  is  somewhat  transparent  (Fig.  90). 
The  leaf-spot  disease  can  be  distinguished  readily  from  the  leaf-blight 
by  the  larger  angular  lesions,  which  show  through  more  distinctly  on  the 
undersurface.  The  gray  center  of  the  leaf-spot  lesion  is  also  characteristic. 
The  leaf-blight  areas  are  more  highly  colored  when  young,  and  are  circular, 
not  angular,  in  outline. 
45 
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Cause 
The  disease  is  caused  by  the  fungus  MycospluBreUa  sentina  (Pdd.) 
Schroter.  The  conidial  stage,  Septoria  piricola  Desm.,  is  the  parasitic 
form  of  the  fungus,  and  it  is  this  stage  that  attacks  the  living  pear  leaves 
throughout  the  growing  season.  Klebahn  (1908)  showed  that  Myco- 
sphcsrella  sentina  on  old  wintered-over  pear  leaves  is  the  sexual  stage  of 
Septoria  piricola^ 

Life  history 

The  minute  black  specks, .  previously  mentioned  as  occurring  in  the 
center  of  the  spots  on  the  leaf,  are  the  pycnidial  fruiting  bodies.  Spores 
are  pushed  out  of  the  opening  at  the  tip  of  the  pycnidium  (Fig.  91)  in 
the  form,  of  a  dark-colored,  tendril-like  mass.     Carried  by  the  wind  or  by 

a  spattering  drop  of  rain,  a 
spore  falls  on  a  pear  leaf  and,  if 
sufficient  moisture  is  present, 
germinates.  The  germ  tube 
penetrates  the  leaf  tissue  and 
develops  a  myceliimi,  and  the 
new  infection  is  established. 
In  this  lesion  new  pycnidia  are 
produced  which  bear  spores, 
and  thus  the  pathogen  is 
spread  throughout  the  stmi- 
mer. 

The  fungus  lives  over  win- 
ter on  the  fallen  pear  leaves 


Fig.  91. —  Cross  section  of  pear  leaf,  showing  a 
Pycnidium  of  the  Septoria  fungus  and  the 
needlelike  spores,  some  of  which  are  escaping 
through  the  opening  in  the  top  of  the  pycnidium 


in  the  form  of  a  specialized  reproductive  body  known  as  a  perithedum. 
In  spring  ascospores  are  discharged  from  the  peritheda,  and,  falling  on 
the  newly  developed  foliage,  germinate  when  moisture  is  supplied.  In 
the  lesions  of  these  first  infections  pycnidia  are  produced,  which  are  the 
means  of  further  dissemination  of  the  fungus. 

Control 
The  leaf-spot  of  pear  can  be  controlled  by  spraying  with  bordeaux 
mixture  or  with  lime-sulfur  solution  1-50.  It  is  advisable  to  spray  the 
two-years-old  budded  pear  trees  soon  after  the  first  new  leaves  are  de- 
veloped in  spring.  This  spra3nng  should  be  followed  by  another  appli- 
cation two  to  three  weeks  later.  If  the  season  is  extremely  wet  and  the 
disease  very  common,  one  or  two  subsequent  sprajmigs  will  prove  bene- 
ficial. 


(1908)  Klebfihn,  H.    UnterBuchungen  uber  einige  fungi  imperfecti  und  die  nagebdrigen  asoomyceten- 
formen.     V.  Septoria  piricola  Desm.    Zeitschr.  pflanzenkr.  z8  :  5'i7. 
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It  has  been  the  exp«ience  of  the  writer  that  in  an  average  year  it  is 
usually  not  profitable  to  spray  one-year-old  budded  pear  stock  for  this 
disease.  During  the  several  years  that  the  disease  has  been  under  obser- 
vation in  the  nurseries  of  New  York  State,  the  writer  has  never  notioed 
leaf-spot  causing  any  heavy  defoliation  of  one-year-old  trees. 

black  spot  of  roses 

The  disease  known  as  black  spot,  leaf-blotch,  or  leaf-spot  is  one  of  the 
most  destructive  diseases  occurring  on  roses.  The  disease  has  been  known 
for  nearly  a  century,  and  is  found  in  practically  all  the  countries  of  Europe 
as  well  as  being  widely  distributed  in  the  United  States  (Scribner,  1888). 
In  nurseries  the  plants  that  are  severely  affected  become  defoliated 
during  the  summer,  in  many  cases  causing  the  leaf  buds,  which  should 
remain  dormant  imtil  the  following  year,  to  open  late  in  the  season.  The 
defoliation  checks  the  growth  and  also  prevents  proper  mattiration  of  the 
wood,  and  when  dug  the  stock  is  not  likely  to  keep  so  well  in  storage.  In 
the  following  spring,  when  these  bushes  are  put  on  the  market,  they  go  out 
as  weakened  plants  so  that  they  blossom  poorly  or  not  at  all.  '  Stock  that 
makes  a  good  growth  and  is  productive  the  first  year  it  is  set  out  is  most 
desired  by  the  nurserymen's  trade. 

The  disease  is  also  destructive  in  the  greenhouse,  especially  where 
cuttings  are  propagated  and  later  planted  in  the  nursery  row.  The  small 
plants  in  pots  are  often  badly  injtu^,  a  large  proportion  of  the  foliage 
being  affected.  When  these  potted  roses  are  transplanted  to  the  field, 
the  weakened  condition  of  the  foliage  retards  the  development  of  the 
plants  and  in  some  cases  they  die,  especially  if  the  season  is  dry. 

•  Varietal  susceptibility 

Practically  all  varieties  of  roses  are  affected,  both  in  the  nursery  row 
and  in  the  greenhouse.  The  wild  species,  Rosa  humilis,  has  been  reported 
by  Halsted  (1893)  as  being  attacked  when  growing  in  the  garden  near 
diseased  roses.  Certain  forms  are  known  to  be  resistant.  Wolf  (1913) 
makes  the  following  statement: 

"  Rosa  gallica,  R.  centrifolia,  R.  rubiginosay  and  R,  indica  exhibit  a 
marked  degree  of  resistance.  Some  forms  are  entirely  free  from  attack. 
Briosi  and  Cavara  note  that  only  four  varieties,  Rosa  hybrida,  varieties 
BeU  Angevine,  Triomphe  d'Alencon,  Abel  Grant,  and  Rosa  borboniaria, 
variety  Triomphe  d*  Anger,  of  the  six  himdred  growing  in  the  botanical 
gardetis  at  Pavia  are  bee  from  attack.    Laubert  and  Schwartz  point  out 

(1888)  Scribner.  P.  L.    BIack-6pot  on  rote  leaves.    U.  S.  A«r.  Dept.    Rept.  1887  :  366-368. 
^1893)  Halsted,  B.  D.     Pungous  troubles  of  roses.     New  Jersey  Agr.  Bzp.  Sta.     Kept.  13  :  380-38 1. 
(19x3)  Wolf,  P.  A.     Blade  spot  of  roses.    Alabama  Agr.  Exp.  Sta.     Bui.  172  :  tts-iia* 
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the  fact  that  the  bushy  sorts  are  more  susceptible  than  the  climbing 
varieties,  and  also  that  those  with  thin  leaves  are  most  liable  to  attack." 

Symptoms 
The  symptoms  of  the  disease  are  the  black,  sootlike  blotches  on  the 
upper  surface  of  the  leaves  (Fig.  92).  The  more  or  less  circtdar  spots  are 
at  first  small,  but  they  increase  in  size  to  a  half  inch  in  diameter.  Often 
a  nimiber  of  the  spots  coalesce,  and  in  time  the  leaf  may  be  nearly  covered 
with  the  large  dark  areas.  A  very  marked  character  is  the  fringed  border 
of  the  spots.  The  affected  areas  of  the  leaf  turn  yellow,  and  this  yellowing 
may  involve  the  entire  leaf  before  it  falls  to  the  ground. 


Fig. 


92. —  Rose  leaves  showing  the  black-spot  disease 


Cause 


The  cause  of  the  disease,  as  determined  by  Wolf  (19 12),  is  the  fungus 
Diplocarpon  roscB  Wolf.  The  conidial,  or  vegetative,  stage,  which  is  the 
active  parasite  on  the  living  foliage,  is  known  as  Actinonema  roscB 
(Lib.)  Fr. 

Life  history 

The  disease  usually  first  appears  in  the  nursery  in  early  summer,  about 
the  time  when  other  leaf-spots  are  developing.  In  the  affected  areas  on 
the  leaf,  fruiting  bodies  (acervuli)  are  developed,  and  these  discharge 
spores  which  are  carried  by  wind  and  rain  to  healthy  rose  leaves.  In 
the  presence  of  moisture  the  spores  that  fall  on  the  leaves  germinate  and 

(1913)  Wolf,  F.  A.    The  perfect  stage  of  Actinonema  rosae.     Bot.  gas.  54  :  218-234. 
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produce  new  infections.    It  is  in  this  manner  that  the  fungus  is  spread 
throughout  the  summer. 

The  fungus  lives  over  winter  in  the  fallen  leaves.  The  reproductive 
fruiting  bodies  which  are  developed  in  these  old  leaves  mature  in  spring, 
and  ascospores  are  discharged  which  are  carried  by  wind  and  rain  to  the 
new  foliage,  where  the  first  infections  of  the  season  occur.  In  the  presence 
of  moisttire,  these  ascospores  germinate  by  a  germ  tube,  and  within  eighteen 
days  after  infection  the  acervuli,  with  mature  spores,  have  developed. 

Control 

Bordeaux  mixture  may  be  used  for  the  control  of  this  disease.  No 
experimental  data  are  at  hand  as  to  the  efficiency  of  lime-sulfur  solution 
as  a  preventive.  Lime-sulfur  solution  1-50  has  been  used  for  the  control 
of  rose  mildew,  with  no  resulting  injury  to  the  plants.  No  doubt  this 
solution  would  be  efficient  also  in  checking  the  black  spot  disease  if  applied 
at  the  proper  time. 

Bordeaux,  and  also  lime-sulfur,  are  objectionable  in  many  cases  be- 
cause of  the  spray  mixtures  coating  the  foliage  and  the  blossoms.  The 
presence  of  the  fungicide  on  the  bushes,  however,  is  of  no  consideration  to 
nurserymen,  and  for  that  reason  bordeaux  mixture  may  be  recommended 
for  use  against  this  disease. 

The  first  application  should  be  made  in  early  summer,  soon  after  the 
first  new  leaves  are  developed.  In  rainy  seasons  the  disease  is  naturally 
more  severe  and  the  sprayings  need  to  be  made  more  frequently.  However, 
as  a  general  recommendation,  five  or  six  applications  throughout  the  sum- 
mer should  be  sufficient  to  keep  the  fungus  in  check. 

mildew  of  rose  and  peach 

Mildew  is  found  on  both  the  peach  and  the  rose,  but  it  is  commoner  on 
the  latter.  The  disease  is  more  destructive  on  peach  nursery  stock  than 
on  orchard  trees,  according  to  Whipple  (1906);  however,  in  the  nursery 
it  is  usually,  prevalent  only  when  there  is  an  excessive  amount  of  moisttire 
and  conditions  are  favorable  for  the  disease.  It  has  been  the  experience 
of  the  writer  that,  as  a  rule,  peach  mildew  is  not  of  sufficient  economic 
importance  to  demand  much  attention  in  the  nurseries  of  New  York  State. 

Rose  mildew  is  of  great  significance  in  the  nurseries  of  the  State  and  is 
in  many  cases  very  destructive.  This  is  especially  true  of  the  young 
plants  growing  on  their  own  roots.  If  weather  conditions  are  favorable 
to  the  disease,  potted  roses  may  often  be  affected  seriously  when  they  are 
transplanted  to  the  field  from  the  greenhouse  in  spring.    Certain  varieties 

(Z906)  Whipple,  O.  B.    Peach  mildew.    Cotondo  Agr.  Bxp.  Su.    BuL  to?  :  x-7. 
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of  potted  roses  may  be  injured  so  severely  by  the  mildew  that  they  make 
but  little  growth  throughout  the  summer..  In  many  cases  stock  checked 
in  this  way  during  the  vital  period  of  its  development  fails  to  make  suffi- 
cient growth  in  the  second  summer  in  the  field  to  be  dug  that  season. 
This  condition  is  more  prevalent  when  the  plants  are  affected  by  mildew 
and  other  leaf  diseases  again  in  the  second  year.  Budded  roses  also  are 
susceptible  to  mildew,  and  very  often  their  growth  is  checked  by  the 
disease. 

Some  growers  are  of  the  opinion  that  severely  mildewed  rose  stock  does 
not  keep  well  in  storage.  It  is  claimed  that  the  tips  of  the  affected  shoots 
tend  to  rot  and  decay  when  subjected  to  the  moist  condition  of  the  cellar. 
No  experimental  data  are  at  hand  to  substantiate  this  opinion,  but  under 
ordinary  conditions  it  is  probable  that  the  mildew  disease  which  has 
affected  the  bushes  in  the  summer  has  little  or  no  direct  influence  on 
stock  while  it  remains  in  the  cellar.  The  mildew  dies  in  the  autumn  and 
does  not  continue  to  spread  throughout  the  winter.  It  is  known  that 
mildew  kills  back  the  tips  of  the  shoots,  but  such  injuries,  in  the  writer's 
opinion,  would  be  comparable  to  any  mechanical  injury  that  might  kill 
the  tip  of  a  shoot.  This  disease  is  often  very  destructive  to  rose  aittings 
and  also  to  stock  plants  in  the  greenhouse,  according  to  Schultheis  (1899). 

Varietal  susceptibility 

Certain  varieties  of  roses  show  more  resistance  to  mildew  than  do 
others.  The  rambler  varieties  and  the  moss  roses  are  usually  the  most 
severely  affected.  A  serious  outbreak  of  rose  mildew  occurred  in  one 
of  the  large  nurseries  in  the  season  of  19 13.  There  were  about  forty-five 
varieties  of  roses  growing  in  one  block  under  the  same  conditions,  and 
thus  a  good  opportunity  was  afforded  for  observations  on  the  resistance  of 
these  varieties  to  mildew. 

The  varieties  most  severely  affected  were:  Flower  of  Fairfield,  Crimson 
Rambler,  Anna  Mueller,  Margaret  Dickson,  Salet  Moss,  Blanche  Roberts, 
and  Frau  Karl  Druschki.  The  varieties  showing  practically  no  mildew 
when  the  last  observations  were  made,  on  August  10,  19 13 ,  were :  Dorothy 
Perkins,  Orleans,  Mrs.  Taft,  Princess  Adelaide,  Caroline  Mariner,  and 
American  Beauty.  All  the  following  varieties  were  at  least  slightly 
affected  by  the  disease:  Victor  Verdier,  Mary  Washington,  General 
Washington,  Madame  Caroline  Testout,  Baby  Rambler,  Wichuriana, 
Fisher  Holmes,  Gruss  an  Teplitz,  Earl  of  Dufferin,  Lady  Gay, 
Queen  Prairie,  Madame  Margotten,  Madame  Plantier,  Francois 
Levet,  Catherine  Zeinner,  William  Lobb,  Duke  of  Edinburgh,  Madame 

(1899)  Scfaultheit.  K    Mehltau  oa  rason.    Zdtacfar.  pflanxenkr.  g  :  laS. 
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Gab.    Luizit,    Empress    of    China,    John    Hopper,     Magna    Charta, 

Clemence  Raoux,  Clio,  Marshall  P.  Wilder,  John  Keynes,  C.  P.  Meyers, 

Devoniensis. 

Symptoms 

The  leaves,  especially  the  young  ones,  the  blossom  buds,  and  the 
young  shoots  of  roses  are  affected  by  mildew.    The  disease  occurs  on 


PHOTOGRAPH  BY  B.  M.  DUGGAR 

Fig.  93.- 


Peach  shoots  severely  mildewed 


the  leaves,  the  twigs  (Fig.  93),  and  also  the  fruit  of  the  peach.    The 
symptoms  on  the  two  host  plants  are  practically  the  same. 

On  the  leaves  of  the  rose  the  disease  may  occur  on  either  the  under 
or  the  upper  surface,  or  on  both.  It  appears  as  white,  irregular  blotches. 
The  leaves  become  arched  or  curled  and  dried  out,  usually  curling  upward 
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along  the  midrib.  When  the  disease  is  severe  the  younger  leaves  at  the 
end  of  the  shoots  often  fall  prematurely. 

The  dense,  white  blotches  on  the  twigs  caused  by  the  mildew  are  similar 
to  those  on  the  leaves.  The  bark  becomes  dead  in  appearance  on  severely 
affected  shoots,  and  shrivels,  causing  an  arching  or  a  curving  of  the  shoots 
at  the  tip.  Only  the  current  year's  growth  is  aifected.  Often  mildew 
covers  the  foliage  at  the  tips  of  the  shoots  so  completely  that  certain 
varieties  of  rosebushes  appear  at  a  distance  to  be  almost  white.  This 
is  often  particulariy  noticeable  in  a  block  of  roses  containing  numerous 
varieties.  Such  roses  as  the  Crimson  Rambler  may  have  the  white 
appearance  due  to  the  mildew,  while  in  adjoining  rows  the  foliage  of  another 
variety  will  be  green  and  free  from  mildew. 

On  some  varieties  the  mildew  is  commonly  first  observed  on  the  blossom 
buds,  where  it  appears  as  thick,  white,  irregular  blotches. 

Cause 
The  fungus  SphcBrotheca  pannosa  (Wallr.)  L^v.  is  the  cause   of  the 
mildew  on  peach  and  rose  stock.    The  conidial  form  is  Oidium  leucoconium 
Desm.    This  fungus  is  similar  to  the  organism  causing  mildew  on  apple 
(Pig.  70,  page  671). 

Life  history 

Soon  after  the  white  blotches  of  mildew  appear  on  the  host  plant, 
profuse  ntmibers  of  conidia  are  produced  (Fig.  94)  which  are  scattered 
to  the  new  foliage  by  wind  and  rains.  These  conidia  propagate  the 
fungus  throughout  the  season.  After  midsummer  the  special  fruiting 
bodies  known  as  perithecia  may  also  be  produced,  which  are  resistant 
to  cold  and  serve  to  bridge  the  fungus  over  winter.  In  spring  or  early 
summer,  ascospores  are  discharged  from  the  perithedal  fruiting  body, 
and,  falling  on  the  new  foliage,  produce  infections  which  are  apparent  some 
days  later  as  small,  white  areas,  the  .beginning  of  the  thick,  white  blotches 
of  mildew. 

Control 

Most  copper  sprays  have  not  proved  effective  in  controlling  this  disease, 
but  compoimds  containing  sulfur  have  been  effective.  Dusting  with 
flowers  of  sulfur,  spraying  with  lime-sulftir  solution,  and  sprajring  with 
lime-sulfur  to  which  iron  sulfate  has  been  added,  have  been  tried  in  the 
marsery  with  a  considerable  degree  of  success. 

For  a  normal  year  perhaps  the  simplest  means  of  control  for  this 
disease  is  dusting  with  flowers  of  sulfur.  The  sulfur  can  be  easily  and 
rapidly  applied  with  a  dusting  machine  which  blows  out  the  sulfur  in 
a  fine  dust.    It  is  often  desirable  to  dust  as  early  as  possible  in  the  momiag. 
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while  the  dew  is  still  on  the  foliage.  If  dry,  hot  weather  follows  the 
dusting,  the  efl&ciency  of  the  sulfur  against  the  mildew  appears  to  be 
increased.  Rain  washes  off  a  certain  amount  of  the  sulfur  dust,  but 
a  considerable  amount  remains  tmless  there  is  a  prolonged  period  of  wet 
weather.  With  frequent  heavy  rains  when  the  mildew  is  well  established 
and  abundant,  the  dustings  need  be  made  at  shorter  intervals  in  order 
to  keep  the  new  growth  protected. 

Lime-sulfur  solution  1-50  is  effective  in  checking  mildew,  but  better 
results  have  been  obtained  by  the  use  of  lime-sulfur  solution  1-50  with 


Pig.  94. —  Diagrammatic  section  of  a  piece  of  leaf  tissue^  showing  the  mildew  fungus 
on  the  surface,  with  conidiophores  and  chains  of  spores  reaching  into  the  air  and 
haustoria  extending  into  the  epidermal  cells  of  the  leaf.  Magnification  150,  After 
F.  M.  Blodgett 

the  addition  of  3  poimds  of  iron  sulfate  to  50  gallons  of  the  mixttu^.  The 
precipitated  sulfur  resulting  from  the  addition  of  the  iron  sulfate  appears 
to  have  better  covering  qualities  and  also  sticks  better. 

The  first  treatment  for  mildew  should  be  made  as  soon  as  the  disease 
appears  and  before  it  has  become  thoroughly  established.  The  abimdance 
or  prevalence  of  the  disease  should  determine  the  time  interval  and  the 
nimiber  of  applications  for  effective  control.  In  some  seasons  one  or 
two  applications  are  sufficient,  while  in  other  seasons  it  is  profitable  to 
increase  the  number  of  applications  to  five  or  six,  making  some  of  these 
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at  intervals  of  nine  days  or  oftener.  Under  such  conditions  it  is  often 
preferable  to  dtist  rather  than  to  spray,  owing  to  the  ease  and  rapidity 
with  which  the  former  may  be  done.  Foliage  sprayed  with  the  pre- 
cipitated sulfur  is,  as  a  rule,  protected  more  effectively  for  a  greater 
length  of  time;  but  often  there  is  need  of  frequent  sprayings  in  order  to 
protect  the  young  developing  shoots  and  leaves  where  the  attacks  of 
the  mildew  are  most  severe. 

Owing  to  the  fact  that  spra3dng  involves  considerable  time  and  labor, 
one  or  two  sprayings  with  the  precipitated  sulfur,  in  order  to  keep  the 
older  foliage  protected,  can  be  combined  with  dusting;  the  dust  applications 
being  made  at  intervals  of  from  seven  to  fourteen  days  when  the  disease 
is  most  prevalent. 

In  191 1  mildew  was  very  abundant  in  the  nurseries  of  New  York  State, 
and  the  following  experiment  was  conducted  on  two-years-old  Crimson 
Rambler  roses:  Two  rows  were  sprayed  with  lime-sulfur  solution  1--50; 
two  rows  were  left  unsprayed  for  a  check;  two  rows  were  sprayed  with 
lime-sulfur  1-50,  plus  iron  sulfate  3-50;  three  rows  were  dusted  with 
flowers  of  sulfur.  The  mildew  was  first  observed  on  July  12  and  the 
applications  were  made  on  the  following  dates:  July  18  and  28,  August  4, 
II,  and  19,  and  September  i. 

A  marked  difference  was  noticed  in  the  treated  and  the  untreated 
rows  by  August  4,  and  very  little  mildew  was  apparent  on  the  treated 
bushes,  which  made  a  good  growth  throughout  the  summer.  The  tips 
of  the  shoots  on  the  check  rows  were  badly  affected,  and  by  the  middle 
of  August  many  of  these  diseased  shoots  were  curled  and  dried  up.  The 
bushes  in  the  check  rows  were  also  somewhat  smaller,  having  made  a  slower 
growth;  and  in  general  these  did  not  have  the  healthy  appearance  of 
the  treated  rows. 

Submitted  for  publication  February  9,  19x5. 
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SOME  EXTERNAL  PARASITES  OF  POULTRY 
WITH  SPECIAL  REFERENCE  TO  MALLOPHAGA, 

with  directions  for  their  control 

Glenn  W.  Herri  ck 

Domestic  fowls  constitute  one  of  the  most  important  sources  of  food 
supply  in  America.  In  191 1  the  value  of  poultry  in  the  United  States 
reached  a  total  of  $154,663,220,  and  the  value  of  the  eggs  produced  in 
the  same  year  in  New  York  State  alone /amounted  to  $17,102,000.  It  is 
thus  evident  that  poultry  occupies  an  important  place  in  the  living 
economies  of  the  American  people,  and  any  pests  that  affect  domestic 
fowls  injuriously  shotdd  be  carefully  considered.  The  study  of"  the 
external  parasites  of  domestic  fowls  has  extended  over  several  years 
but  with  many  interruptions  and  delays.  It  has  been  difficult  to  collect 
the  various  species  infesting  fowls,  and  even  as  yet  it  has  not  been 
possible  to  obtain  all  the  species  that  the  writer  feels  must  exist  in  the 
United  States. 

Among  the  external  parasites  of  domestic  fowls  the  Mallophaga,  or  lice, 
hold  the  greatest  interest  for  the  writer.  Some  of  the  most  interesting 
questions  of  development,  variation,  and  relation  to  environment  arise 
out  of  a  consideration  of  the  geographical  and  host  distribution  of  these 
parasites  —  questions  too  technical,  however,  to  be  discussed  here. 

THE  MALLOPHAGA,  OR  BIRD  LICE 
STRUCTURE 

The  bird  lice  are  wingless,  parasitic  insects  of  world-wide  distribution. 
The  mouth  parts,  formed  for  biting  and  situated  on  the  under,  or  ventral, 
side  of  the  head,  are  composed  of  two  large,  strong  mandibles  more  or 
less  triangular  in  shape.  Each  bears  one  sharp-pointed  tooth,  and  some- 
times one  or  two  shorter  teeth.  The  maxillae  are  greatly  reduced  and 
may  probably  be  considered  vestigial.  They  are  very  little  chitinized 
and  are  reduced  to  mere  membranous  lobes  lying  nearly  concealed  in 
the  cavity  of  the  mouth.  The  labrum  is  usually  weU  developed  and 
serves  as  an  organ  of  prehension.  The  labitmi  is  present  but  varies  in 
form  and  structure.  In  one  suborder,  the  Amblycera,  four-segmented 
palpi  are  borne  by  the  labium;  in  the  other  suborder,  the  Ischnocera, 
there  are  no  palpi.  There  seem  to  be  no  structures  in  the  mouth  of 
a  bird  louse  that  could  be  considered  as  forming  a  sucking  apparatus. 
The  conclusion  that  bird  lice  are  biting  insects  and  do  not  Uve  by  sucking 
the  blood  of  the  host  is  therefore  justified. 

I719I 


Digitized  by  VjOOQ IC 


720  Bulletin  359 

The  head  is  comparatively  large  and  may  be  variously  shaped.  In 
many  species  it  is  concave  on  the  posterior  margin  and  sits  on  the 
prothorax  like  a  hat  (Fig.  97,  page  728).  The  antennae  are  always  short 
and  inconspicuous  and  often  differ  in  the  two  sexes  (Pig.  98,  page  729). 
They  are  three-,  four-,  or  five-segmented  and  differ  greatly  in  shape.  The 
eyes  are  simple,  two  in  number,  and  neutral  in  color  or  highly  pigmented. 
The  legs  of  the  bird  lice  that  infest  fowls  are  usually  stout  and  conspic- 
uous and  terminate  in  two  sharp  claws.  (The  legs  of  the  species  of 
Mallophaga  infesting  mammals,  with  a  few  exceptions,  terminate  in  a 
single  claw.)  The  forelegs  are  short,  and  act  as  foot-jaws  for  passing  food 
into  the  mouth. 

The  bird  lice  are  permanent  parasites  spending  their  entire  lives  on  the 
bodies  of  their  hosts,  the  birds.  They  of  coiu"se  migrate  from  one  host 
to  another  when  the  hosts  are  in  actual  contact,  as  when  in  copulation, 
when  brooding  over  the  offspring,  or  when  huddling  together  on  perches. 
Moreover,  opportunities  certainly  occur  for  the  lice  of  one  host  to  actually 
migrate  to  a  host  of  another  species.  For  example,  a  certain  species  of 
louse  which  is  normally  a  parasite  of  the  hen  is  sometimes  foimd  on  the 
turkey,  especially  where  the  two  species  of  fowls  are  in  the  same  yard. 
Two  species  of  hen  lice  have  been  foimd  also  on  guinea  fowls  where  the 
latter  were  allowed  to  frequent  the  perches  and  the  houses  of  the  hens. 

HOW   BIRD    LICE   INJURE    FOWLS 

Bird  lice  have  biting  mouth  parts  and  do  not  suck  the  blood  of  their 
hosts.  It  is  doubtftd  whether  any  of  the  Mallophaga  parasitic  on 
domestic  fowls  ever  get  any  blood  except  in  case  of  a  wound  or  a  bruise 
on  the  host  from  which  blood  may  issue;  in  such  cases  the  parasites  may 
eat  the  dried  scales  of  blood.  Blood  has  been  found  in  the  stomachs 
of  bird  lice,  probably  obtained  in  this  manner.  Kellogg^  notes  a  species 
of  bird  louse  that  lives  inside  the  pouch  of  the  California  brown  pelican 
and  clings  to  the  walls  of  the  pouch  by  its  mandibles.  Moreover,  he 
has  foimd  a  small  area  surrounding  the  parasites  to  be  raw  and  bloody. 
It  is  a  question  in  this  case  as  to  what  these  particular  lice  eat  for  food. 

It  is  generally  conceded  that  the  Mallophaga  live  on  bits  of  feathers 
and  scales  of  the  skin.  Theobald  speaks  of  them  as  constantly  biting  at 
the  skin  and  causing  serious  irritation.  Other  writers  hold  that  the  con- 
stant movements  of  the  Uce  cause  irritation  to  the  skin  by  the  sharp 
claws  with  which  the  feet  of  all  these  parasites  are  furnished.  The  pres- 
ence of  the  lice  sets  up  an  irritation  which  eventually  weakens  the  host 
and  gives  an  opportunity  for  various  diseases  to  attack  the  fowl.    This 

}  Kellogg,  V.  L*    North  American  Mallophaga,  p.  47-    1896. 
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seems  to  be  especially  true  of  chicks;  if  lice  are  abundant,  the  growth 
of  the  chicks  is  greatly  checked,  diarrhea  seems  to  follow,  and  a  generally 
weakened  condition  may  result. 

The  losses  caused  by  poultry  lice  are  difficult  to  estimate,  but  the 
total  must  be  large.  When  badly  infested,  chickens  fail  to  make  any- 
thing like  their  normal  growth.  Theobald*  gives  results  showing  that 
at  the  end  of  a  year  chicks  infested  with  lice  weighed  one  pound  less 
than  those  that  had  been  kept  free  from  these  pests,  both  having  had 
exactly  the  same  food  and  otherwise  the  same  care.  The  loss  in  egg 
production  through  the  infestation  of  laying  hens  must  be  very  great, 
although  there  is  no  way  of 
getting  even  an  approximation 
of  it.  Brood  hens  are  often 
so  irritated  by  these  parasites 
that  many  of  the  failures  in 
hatching  must  be  attributed 
to  their  presence.  Undoubt- 
edly the  presence  of  lice,  by 
weakening  the  general  con- 
stitution of  the  host,  predis- 
poses the  fowl  to  such  diseases 
as  gapes,  cholera,  roup,  and 
similar  affections,  thus  con- 
tributing to  a  considerable 
indirect  loss  and  injury. 


Fig.  95. —  Eggs  of  Menopon  pallidum 


life  history  op  bird  lice 

The  writer    has   made  no 
attempt  to  work  out  the  life 

history  of  any  species  of  bird  lice.  The  obstacles  have  seemed  too  great, 
and  the  time  and  effort  required  too  extended,  to  justify  the  end.  It  is 
possible  that  a  study  of  the  life  history  of  these  parasites  might  throw 
some  light  on  methods  of  control,  but  it  does  not  seem  probable. 

Bird  lice  have  an  incomplete*  metamorphosis.  The  eggs  are  elongate- 
oval,  white  in  color  (all  those  observed),  and  covered  with  spinelike  pro- 
jections. The  eggs  of  the  common  hen  louse  (Menopon  pallidum)  are 
usually  deposited  in  clusters  (Fig.  95)  at  the  bases  of  the  feathers. 
These  clusters  of  eggs  can  usually  be  found,  on  badly  infested  fowls  at 
least,  on  the  feathers  about  the  vent.  When  magnified,  a  single  egg 
is  seen  to  be  a  very  characteristic  and  striking  object.  It  is  white  and 
is  covered  with  glasslike  spines,  many  of  which  terminate  in  an  anchor- 

*  Theobald,  P.  V.     The  parasitic  diseases  of  poultry.     1896. 
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shaped  hook.  The  free  end  of  the  egg  is  furnished  with  a  cap,  or  Kd, 
which  bears  at  its  apex  in  the  center  a  long,  lashlike  appends^.  This 
cap  is  pushed  off  by  the  young  when  it  issues  from  the  egg.  The  ^gs 
are  fastened  very  tightly  to  the  feathers  of  the  fowl. 

The  incubation  period  *has  not  been  definitely  determined.  Mr.  Bues, 
in  an  tmpublished  thesis  on  two  external  parasites  of  the  hen,  says  that 
the  eggs  of  M.  pallidum  hatch  in  from  six  to  ten  days.  From  the  context 
the  writer  infers  that  the  period  was  never  definitely  determined,  owing 
to  the  fact  that  no  eggs  were  obtained  the  age  of  which  was  definitely 
known.  At  Ames,  Iowa,  P.  H.  Rolfs  collected  eggs  of  a  species  of  bird 
lice,  Nitzschia  pulicaris,  from  the  chimney  swift.  Some  of  these  eggs 
were  kept  in  a  pasteboard  box  in  Mr.  Rolfs'  vest  pocket,  while  others 
were  placed  in  glass  tubes  stopped  with  cotton  and  kept  imdemeath 
a  sitting  hen.  Under  these  conditions  the  eggs  hatched  in  from  thirteen 
tp  twenty  days.  As  in  the  case  first  mentioned,  the  age  of  the  eggs  when 
collected  was  not  known.  It  is  reasonable  to  suppose  that  the  eggs 
do  not  hatch  as  quickly  in  winter  as  in  summer;  it  is  certain  that  lice 
do  not  increase  as  rapidly  on  fowls  in  winter  as  in  the  warmer  seasons. 
The  important  point  that  seems  to  be  established  is  that  the  eggs  hatch 
in  a  few  days,  and  consequently  any  treatment  given  to  fowls  in  order 
to  rid  them  of  lice  must  be  repeated  in  ten  days  or  two  weeks. 

The  young  are  almost  white  when  they  emerge  from  the  eggs;  but 
as  they  grow  older  the  skin  becomes  chitinized,  brown  in  color,  and  in 
many  species  bears  certain  conspicuous  brown  and  black  spots  and  bands, 
which  form  rather  characteristic  n^rkings.  The  young  resemble  the 
parents  in  shape  and  appearance,  although  the  head  is  usually  large  in 
proportion  to  the  body  and  the  abdomen  is  short  and  stout. 

So  far  as  the  writer  is  aware,  the  number  of  molts  has  never  been 
definitely  determined  for  any  species.  Theobald  says,  "  Some  kept  by 
the  author  molted  as  many  as  twelve  times,  but  this  surely  must  be 
exceptional."  The  length  of  the  nymphal  stages  has  not  been  determined. 
It  seems  probable  that  the  adtilt  Uce  live  for  a  considerable  time  on  the 
hosts.  Theobald,  using  fresh  feathers,  has  kept  alive  for  nine  months 
the  species  M.  pallidum,  common  on  the  Hen. 

SPECIES   OF   LICE   REPORTED  AS  FOUND  ON  FOWLS 

The  following  list  of  Mallophaga  contain,  so  far  as  the  writer  has  been 
able  to  determine,  all  the  species  that  have  been  reported  by  different 
authors  as  infesting  the  various  domestic  fowls  named.  It  is  doubtful 
whether  all  the  species  here  enumerated  have  actually  been  taken  from 
the  hosts  listed.  On  the  other  hand,  there  are  probably  undiscovered 
forms  on  domestic  fowls  yet  to  be  reported* 
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Summary  of  the  species 

The  hen  (Callus  domesticus) 
Menopon  falHdum  Nitzsch  Goniocotes  ngas  Tasch. 

Menopon  biseriatum  Piaget  Goniocotes  bumetUi  Pack. 

Lipeurus  variabilis  Nitzsch  Goniodes  dissimilis  Nitzsch 

Lipeurus  hderographus  Nitzsch  Goniodes  eynsfordii  Theobald 

Goniocotes  hologaster  Nitzsch  Goniocotes  hologaster  Nitzsch  var.  maculatus 

Tasch. 

Professor  V.  S.  Kellogg  informs  the  writer  that  Menopon  pallescens  Nitzsch  and 
Goniodes  truncatus  Nitzsch  are  also  parasites  on  the  domestic  fowl. 

The  goose  (Anser  domesticus) 
Docophorus  icUrodes  Nitzsch  var.  adustus     Trinoton  lituratum  Nitzsch 

Bur.  Trinoton  conspurcatum  Nitzsch 

Lipeurus  jejunus  Nitzsch  Trinoton    conspurcatum   Nitzsch  var.  con- 

Lipeurus  anseris  Gurlt  Hnuum  Piaget 

The  duck  {Anas  domestica) 
Docophorus  icterodes  Nitzsch  Menopon  obscurum  Piaget 

Lipeurus  squalidus  Nitzsch  Trinoton  luridum  Nitz£h 

Lipeurus  htsterographus  Nitzsch 

The  turkey  (Meleagris  gallopaoo) 
Goniodes  stylifer  Nitzsch  Menopon  biseriatum  Piaget 

Lipeurus  polytrapesius  Nitzsch 

The  peafowl  (Pavo  cristatus) 
Menopon  phaeostomum  Nitzsch  Goniodes  parviceps  Piaget 

Goniodes  falcicomis  Nitzsch  Goniocotes  rectangulatus  Nitzsch 

The  pigeon  (Columba  domestica) 
Menopon  biseriatum  Piaget  Goniocotes  compar  Nitzsch 

Menopon  longicephalum  Kellogg  Goniodes  minor  Piaget 

Menopon  latum  riaget  Goniodes  damicomis  Nitzsch 

Lipeurus  baculus  Nitzsch  Colpocephaium  longicaudum  Nitzsdi 

The  guinea  fowl  ( Numida  meleagris) 
Menopon  pallidum  Nitzsch  Goniodes  numidianus  Denny 

Menopon  numidae  Giebel  Goniocotes  gigas  Tasch. 

Lipeurus  numidae  Denny  Goniocotes  nologaster  Nitzsch 

The  hen  (Gallus  domesticus) 

X.  Menopon  pallidum  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  291  (1874). 

1668.  Pulex  capi  Redi,  Experimenta,  Tab.  16,  Pig.  i. 

1788.  Pediculus  pUlinae  Lmn^,  Syst.  Nat.  (i^th  ed.),  Vol.  i.  Part  5,  p.  2920. 

181 5.  Nirmus  trtgonocephalus  von  Olfers,  De  Veg.  et  Anim.  Corp.,  p.  90. 
This  is  the  common  louse  on  hens.    It  has  been  present,  in  greater  or  less  numbers, 
on  every  fowl  the  writer  has  examined,  and  has  a  wide  geographical  distribution. 

2.  Menopon  biseriatum  Piaget,  Les  Pediculines,  p.  469  (1880). 

I793>  Pediculus  meleagridis  Panzer,  Fauna  Insect.  Germ.  51,  Pig.  20. 
1 81 8.  Menopon  stramineum  Nitzsch,  Germar's  Mag.  Ent.,  vol.  3,  p.  300. 
This  is  perhaps  the  next  species  in  order  of  prevalence.    It  has  a  wide  distribution. 

3.  Lipeurus  variabilis  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  219  (1874). 

1788.  Pediculus  caponis  Linn^,  Syst.  Nat.  (13th  ed.),  Vol.  i,  Part  5,  p.  2920. 
This  is  also  a  fairiy  common  species  on  the  hen  and  is  widely  distributed.    It  is  com- 
mon at  Ithaca. 

4.  Lipeurus  keterographus  Nitzsch,  in  Giebd  Ins.  Epizoa,  p.  218  (1874). 
This  species  has  been  found  at  Ithaca  and  in  Mississippi. 
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5.  GaniocoUs  hologaster  Nitzsdi,  in  Giebel  Ins.  Epizoa,  p.  184  (1874). 

1778.  Ricinus  gaUinae  DeGeer,  M^moires  des  Insectes,  Vol.  7,  p.  79,  Tab.  4,  Pig.  15. 
This  is  not  the  hologaster  of  Denny.    The  insect  is  found  at  Ithaca  and  has  oeen 
collected  at  Agricultural  College,  Mississippi.   The  variety  macuUUus  Tasch.  also  occurs 
on  the  hen. 

6.  Goniocotes  gigas  Tasch.,  Die  Mallophogen,  etc.,  p.  77,  Taf.  2,  Fig.  i. 

1842.  Goniocotes  hologaster  Denny,  Monog.  Anoplur.  Brit.,  p.  153. 
1880.  Goniocotes  ahdominalis  Piaget,  Les  Pedicidines,  p.  238. 
This  species  is  certainly  not  common,  although  the  writer  has  collected  it  once  in 
Ithaca  on  the  guinea  fowl  and  Bues  has  found  it  in  Ithaca  on  the  hen. 

7.  Goniocotes  hurnettii  Pack.,  Amer.  Nat.,  Vol.  4,  p.  94  (1870). 

Professor  Osbom  thinks  this  species,  described  by  Padcard,  is  Lipeurus  heterographus. 
The  writer  has  not  seen  the  type  specimen. 

8.  Goniodes  dissimilis  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  201  (1874). 

This  species  is  apparently  rare,  although  Railliet  and  Neveu-Lemaire  say  it  is  "  tr^s 
commun  sur  les  potdes."    The  writer  has  not  collected  it. 

9.  Goniodes  eynsfordii  Theo.,  Journal  S.  E.  Agr.  Coll.,  No.  5  (1896?) 

This  is  a  comparatively  new  species,  found  in  England  and  described  by  P.  V.  Theo- 
bald. 

Menopon  paUescens  Nitzsch  and  Goniodes  truncatus  Nitzsch,  according  to  Professor 
V.  S.  Kellogg,  have  been  reported  as  parasites  on  the  hen. 

The  goose  (Anser  domesticus) 

1.  Docophorus  icterodes  Nitzsch,  variety  adustus  Burmeister,  Handbuch  der  Entomo- 

logie,  Vol.  2,  p.  424  (1839). 
Piaget  apparently  regards  D.  adustus  as  a  synonym  of  D.  icterodes^  or  at  most  not 
more  than  a  variety.     It  is  D.  adustus  that  has  been  found  on  the  domestic  goose. 
This  species  has  not  been  collected  at  Ithaca. 

2.  Lipeurus  jejunus  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  240  (1874). 

1668.  Pulex  anseris  sylvestris  Redi,  Experimenta,  Tab,  10. 
1758.  Pediculus  anatis  anseris  Linnd,  Syst.  Nat.  (loth  ed.),  p.  612. 
1 81 5.   Nirmus  cra^sicomis  von  Olfers. 
The  author  has  collected  this  species  at  Ithaca  on  the  goose. 

3.  Lipeurus  anseris  Gurlt,  in  Piaget  Les  Pediculines,  p.  350  (1880). 

1842.  Ornithobius  anseris  Gurlt,  Mag.  f.  d.  ges.  Thierheilkunde,  Vol.  8,  p.  426. 
The  writer  has  not  collected  this  species,  but  has  received  it  from  R.  S.  Bagnall, 
who  collected  it  on  the  domestic  goose  in  England.    (Joum.  Econ.  Biol.,  Vol.  7,  No.  i, 
1912.) 

4.  Trinoton  lituratum  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  260  (1874). 

1842.  Trinoton  squalidum  Denny,  Monog.  Anoplur.  Brit.,  p.  235,  Plate  22,  Pig.  3. 
Denny  says  he  found  one  specimen  on  the  domestic  goose.    The  writer  has  not 
found  tSis  species  in  the  United  States.    The  specimen  illustrated  was  loaned  by  Pro- 
fessor H.  Osbom  (Pig.  112,  page  251). 

5.  Trinoton  conspurcatum  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  258  (1874). 

1776.  Pedtculus  anseris  Sulzer,  Geschichte  d.  Insecten,  Tab.  29,  Pig.  4. 

Denny  says  this  species  "  is  a  very  common  parasite  on  the  domestic  goose."  The 
writer  has  not  collected  it  on  the  goose.  The  specimen  illustrated  was  from  the  snow 
goose  and  was  loaned  by  Professor  H.  Osbom  (Pig.  in,  page  251). 

The  variety  continuum  Piaget,  Les  Pediculines,  page  591 ,  also  occurs  on  domestic  geese 
but  has  not  been  reported  for  this  country. 

The  duck  {Anas  domestica) 

I.  Docophorus  icterodes  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  115  (1874). 
1763.  Pediculus  dentatus  Scopoli,  Entomol.  Camiol.,  p.  383. 
This  species  is  common  on  the  duck  both  at  Ithaca  and  in  Mississippi.    It  must 
be  widely  distributed. 
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2.  Lipeurus  squalidus  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  241  (1874). 

1805.  PedictUus  ancUis  Fabr.,  Systema  Ants.,  p.  345, 
The  writer  has  not  been  so  fortunate  as  to  collect  this  species  from  the  duck,  but 
there  seems  to  be  no  doubt  about  its  occurrence  on  the  domestic  varieties.    It  is  re- 
corded by  Kellogg  in  his  catalogue  of  Mallophaga,  in  Genera  Insectorum,  66th  Fasci- 
cule, 1908,  p.  44. 

3.  Lipeurus  heterographus  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  218  (1874). 

1870.  Goniocotes  hurnettii  Pack.,  Amer.  Nat.,  Vol.  4,  p.  94. 
If  G,  hurnettii  is  a  synonym  of  L.  heterographus,  the  latter  species  must  be  recorded 
as  infesting  the  domsstic  duck,  because  Osborn  says  specimens   from   Bruner   were 
from  young  ducks.     It  is  probable  that  the  lice  go  from  one  to  another  of  the  fowls 
when  they  are  in  close  contact  in  the  sams  yard. 

4.  Menopon  obscurum  Piaget,  Les  Pediculines,  p.  497  (1880). 

Neumann  records  this  as  occurring  on  the  domestic  duck.  The  writer  has  not  fotmd 
it  on  this  fowl. 

5.  Trinoton  luridum  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  258  (1874). 

Railliet  and  Neumann  give  this  species  as  infesting  the  domestic  duck.  The  writer 
has  not  so  found  it,  but  has  it  from  wild  ducks.  The  figure  was  made  from  a  specimen 
loaned  by  the  Minnesota  Experiment  Station. 

The  turkey  {Meleagris  gallopavo) 

1.  Goniodes  stylifer  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  200  (1874). 

1 78 1.  Pedfculus  meleagris  Schrank,  En.  Ins.  Aust.,  p.  504. 
A  common  species  on  the  turkey  at  Ithaca. 

2.  Lipeurus  polytrapezius  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  218  (1874). 

1788.  Pediculus  meleagridis  Linn6,  Syst.  Nat.  (13th  ed.).  Vol.  i.  Part  5,  p.  2920. 
This  species  also  is  common  on  turkeys  at  Ithaca. 

3.  Menopon  biseriatum  Piaget. 

The  writer  has  examined  material  collected  by  C.  Curtice  and  named  M.  stramineum 
which  is  certainly  M.  biseriatum.  This  material  was  loaned  by  the  United  States 
Bureau  of  Animal  Industry.    The  species  has  been  collected  at  Ithaca  on  turkeys. 

The  peafowl  (Pavo  cristatus) 

1.  Menopon  phaeostomum  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  292  (1874). 

The  writer  has  not  collected  this  species,  but  at  the  Universitjr  of  Minnesota  there 
are  several  specimens  collected  by  O.  Lugger.  Lugger  says,  "  it  seems  to  be  very 
common." 

2.  Goniodes  falcicomis  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  198  (1874). 

1668.  Pulex  pavonis  Redi,  Experimenta,  Tab.  14. 

1788.  Pediculus  pavonis  Linn^,  Syst.  Nat.  ('13th  ed.).  Vol.  i.  Part  5,  p.  2919. 

18 1 5.  Nirmus  tetragonocephalus  von  Olfers. 

181 7.  Ricinus  pavonis  Kirby  and  Spence,  Introd.  to  Ent.,  Vol.  2,  Plate  5,  Fig.  3. 
Goniodes  parviceps  Piaget,  Les  Pediculines,  p.  277  (1880). 
~  Pia        "  * 


The  writer  has  not  collected  this  species.     Piaget  found  it  on  the  peacock  in  great 
numbers. 
4.  Goniocotes  rectanguiatus  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  185  (1874). 

The  writer  incorrectly  ascribed  this  species  to  Piaget  in  a  list  published  in  the  Journal 
of  Economic  Entomology,  Vol.  6,  p.  84,  19 13.  So  far  as  the  writer  knows,  this  species 
has  not  been  takeh  in  America,  but  it  probably  occurs  here. 

The  pigeon  {Columba  domestica) 

1.  Menopon  biseriatum  Placet. 

Neumann  says  this  species  occurs  on  the  pigeon.  The  writer  has  not  collected  it 
on  this  bird. 

2.  Menopon  longicephalum  Kellogg,  New  Mallophaga,  Part  2,  p.  535  (1896). 
Kellogg  collected  a  male  and  a  female  of  this  species  from  the  domestic  pigeon  at 

Lawrence,  Kansas. 
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3.  Menopon  latum  Piaget,  Les  Pediculines,  p.  4^7  (1880). 

Piaget  records  this  species  on  the  domestic  pigeon  and  says  it  is  probably  the  same 
as  M,  giganUum  of  Denny  (184^). 

4.  Lipeurus  baculus  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  215,  216  (1874). 

1668.  PtUex  columbae  tnajoris  Redi;  Experimenta,  Tab.  2. 

1788.  Pediculus  columbae  Linn6,  Syst.  Nat.  (13th  ed.),  Vol.  i,  Part  5,  p.  2920. 

18 1 5.   Nirmus  filiformis  von  Olfers,  De  V^.  et  Anim.  Corp.,  p.  90. 

1 86 1.  Lipeurus  bacillus  Nitzsch  (ed.  Giebel;,  Zeitschr.  f.  ges.  Naturwiss.,  Vol.  23, 

P-  305- 
1870.  Lipeurus  angustus  Rudow,  Zeitschr.  f.  ges.  Naturwiss.,  Vol.  36,  p.  137. 
1874.  Lipeurus  anUntuUus  Giebel,  Ins.  Epizoa,  p.  213. 
A  very  common  species  on  the  domestic  pigeon.    Collected  at  Ithaca  and  at  Agri- 
cultural College,  Mississippi. 

5.  Goniocotes  compar  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  183  (1874). 

1763.  Pediculus  bidentatus  Scopoli  (?),  Entomol.  Camiol,  p.  385. 
1847.  Philopterus  compar  Nitzsch,  Walckenaer  Hist.   Nat.   Ins.  Apt.,  Vol.   3, 
P-  358. 
This  is  a  common  species  found  at  Ithaca  on  pigeons  nesting  about  bams  and  dove- 
cots, generally  called  domestic  pigeons. 

6.  Goniodes  minor  Piaget,  Les  Pediculines,  p.  256  (1880). 
The  writer  has  not  collected  this  species. 

7.  Goniodes  damicomis  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  197  (1874). 
Kellogg  reports  this  species  on  domestic  pigeons  in  the  United  States. 

8.  Colpocephalum  hngicaudum  Nitzsch,  in  Giebel  Ins.  Epizoa,  p.  268  (1874). 

1842.  Colpocephalum  turbinatum  Denny,  Monog.  Anoplur,  Brit.,  p.  209. 
This  species  was  reported  by  Piaget  on  the  domestic  pigeon.    Specimens  from  the 
pigeon  were  loaned  to  the  writer  by  Dr.  H.  T.  Pemald. 

The  guinea  fowl  {Numida  tneleagris) 

1.  Menopon  pallidum  Nitzsch. 

The  writer  has  collected  this  species  at  Ithaca  on  the  guinea  fowl.  It  is  probable 
that  the  insect  migrated  from  hens,  with  which  the  guinea  fowls  were  in  dose  relation. 

2.  Menopon  numidae  Giebel,  Ins.  Epizoa,  p.  292  (1874). 

This  species  has  not  been  collected  at  Ithaca.  The  writer  incorrectly  ascribed 
this  species  to  Denny  in  a  list  published  in  the  Journal  of  Economic  Entomology, 
Vol.  6,  p.  84,  1913. 

3.  Lipeurus  numidae  Denny,  Monog.  Anoplur.  Brit.,  p.  115  (1842) 

1842.   Nirmus  numidae  Denny,  Monog.  Anoplur.  Brit.,  p.  115. 
This  species  has  not  been  collected  by  the  writer. 

4.  Goniodes  numidianus  Denny,  Monoe.  Anoplur.  Brit.,  p.  163  (1842), 
This  species  has  not  been  collected  by  the  writer. 

5.  Goniocotes  gigas  Tasch. 

The  writer  h^  collected  this  species  at  Ithaca. 

6.  Goniocotes  hologaster  Nitzsch. 

The  writer  has  collected  this  species  from  guinea  hens  that  roamed  among  domestic 
fowls.    It  was  probably  a  straggler  from  the  latter. 

THE    COMMON   HEN   LOUSE    (Fig.  96) 

{Menopon  pallidum  Nitzsch) 

The  common  hen  louse  is  the  species  most  commonly  seen  on  the  hen, 
and  therefore  is  the  best  known.  It  can  be  found,  in  greater  or  less  ntmi- 
bers,  on  almost  any  hen  at  any  season  of  the  year.  Moreover,  it  passes 
readily  to  other  domestic  fowls  that  come  in  contact  with  the  hen,  and 
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Fig.  96. —  Common  hen  louse  (Menopon  pallidum).     Male  below,  ai  left;  /,  head  and 
prothorax;  2,  antenna;  j,  end  of  abdomen  of  male;  4,  end  of  abdomen  of  female 
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instances  are  recorded  in  which  it  has  infested  horses  stabled  near  hen 
roosts. 

The  louse  is  plainly  visible  to  the  eye,  being  about  one-sixteenth  of  an 
inch  in  length.  It  is  of  a  pale  straw  color  and  very  active,  moving  rapidly 
aflaong  the  feathers  of  the  fowl.  The  drawings  (Fig.  96)  show  the  main 
difference  between  the  male  and  the  female  insect.  In  the  male  the  last 
segment  of  the  abdomen  is  sharply  rounded  and  bears  four  long  hairs, 
while  the  last  segment  of  the  abdomen  of  the  female  bears  a  fringe  of 
short  hairs.  The  head  of  the  louse  is  wider  tlian  the  thorax,  and  the 
eyes  are  conspicuous. 

This  insect  seems  to  live  on  all  parts  of  the  fowl's  body,  but  the  writer 
has  foimd  it  most  abundant  among  the  feathers  around  the  vent.  It 
probably  causes  more  injury  to  hens  than  does  any  other  species  of  louse. 

THE  COMMON  LARGE  LOUSE  OF  THE  HEN  (Fig.  97) 

(Menopon  biseriatum  Piaget) 

In  the  experience  of  the  writer,  the  next  commonest  louse  on  the  hen 

is  the  species  called  the 
common  large  louse.  It  is 
much  larger  than  the 
species  first  described,  and 
somewhat  darker  in  color. 
This  louse  is  one-tenth  of 
an  inch  in  length,  some- 
times slightly  longer.  The 
male  is  larger  than  the 
female.  It  is  yellowish  in 
color  but  is  more  hairy 
than  M.  pallidum,  there 
being  two  transverse  rows 
of  hairs  on  the  dorsal  side 
of  each  abdominal  seg- 
\  \  ment.  It  is  usually  foimd 
\  in  company  with  M.  paHt- 
dum  but  is  easily  recog- 
nized by  its  larger  size. 
The  terminal  segments  of 
the  male  differ  from  those 
of  the  female,  as  shown  in 
Fig.  97. —  Common  large  louse  of  the  hen   (Menopon  i^^g  drawings. 

biseriatum).    i.  Female;  2,  arUenna;  3,  end  of  abdomen      ^.  ,  7*  . 

of  male  This  species  also  is  active, 

and  apparently  passes  readily  to  other  hosts  for  it  is  found  on  the  turkey 
and  other  fowls.     It  has  been  present  on  most  of  the  hens  that  the 
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writer  has  examined,  and  must  cause  considerable  annoyance  and  injury 
because  of  its  size  and  abimdance. 

THE   variable   HEN   LOUSE    (Fig.  98) 

(Lipeurus  variabilis  Nitzsch) 

The  variable  hen  louse  has  been  present  in  small  numbers  on  many 
of  the  hens  examined  by  the  writer.  It  seems  never  to  be  abundant, 
but  is  usually  present.  In  the  experience  of  the  writer  it  probably  stands 
in  abundance  next  to  the  two  Menopons 
just  discussed.  Theobald  says,  *'  It  is  a 
very  abundant  species  in  most  breeds 
of  fowl." 

This  species  has  a  long,  narrow  body, 
with  a  well-roimded  head  and  prominent 
antennae.  It  is  about  one-twelfth  of  an 
inch  in  length.  It  is  conspicuous  on  the 
body  of  the  hen  and  can  hardly  be  over- 
looked. The  body  of  the  female  is  more 
robust  than  that  of  the  male.  The  species 
is  rather  darker  in  color  than  the  two 
common  species  previously  described. 
The  edges  of  the  body  are  dark  brown  in 
color  and  there  is  a  dark  band  down  the 
middle  of  the  abdomen.  The  antennae 
of  the  male  differ  strikingly  from  those 
of  the  female  (Fig.  98,  3  and  4);  in 
addition,  the  last  segment  of  the  abdo- 
men of  the  female  is  bilobed  (Fig.  98, 
6),  while  that'  of  the  male  is  blimtly 
rounded  and  bears  four  long,  slender, 
conspicuous  hairs. 

This  louse  frequents  the  primary  and 
the  secondary  wing  feathers  of  the  fowl, 
although  it  may  be  found  also  on  the 
body.     It  can  move  rapidly  and  is  likely  to  dodge  about  through  the 
feathers. 

THE  large  lipeurus  OP  THE  HEN  (Fig.  99) 

{Lipeurus  heterographus  Nitzsch) 

The  large  lipeurus  can  well  be  called  the  head  louse  of  the  hen.    The 
writer  has  foimd  it  to  be  fairly  common  at  Ithaca  and  at  Agricultural 


Fig.  98. —  Variable  hen  louse  {Li- 
peurus variabilis).  /,  Male;  2,  pos- 
lerior  end  of  abdomen  of  male; 
J,  antenna  of  male;  4,  antenna  of 
female;  5,  abdomen  of  female;  0, 
last  two  segments  of  abdomen  of 
female 
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CoU^e,  Mississippi,  and  most  of  the  specimens  that  he  has  collected 
have  been  taken  from  the  heads  of  the  fowls.  A  correspondent  sent 
several  fine  specimens  taken  from  the  head  of  a  cockerel.  He  said, 
"  They  seem  to  be  on  the  head  only,  and  on  the  feathers  rather  than 
on  the  skin."  Theobald  says  this  species  lives  in  exactly  the  same 
manner  as  the  preceding,  L.  variabilis.  The  writer  has  collected  this 
species  from  chickens  also,  but  has  been  unable  to  determine  definitely 
whether  it  constitutes  the  so-called  "head  louse"  of  chickens. 

This  species  is  much 
larger  than  the  variable 
louse,  and  is  striking  in 
appearance.  The  abdo- 
men of  the  female  is 
large  and  the  bodies  of 
both  sexes  do  not  appear 
as  long  and  narrow  as 
those  of  typical  speci- 
mens of  this  genus.  The 
male  differs  markedly 
from  the  female  in  shape 
of  body,  antennae,  and 
the  last  segment  of  the 
\  abdomen. 


THE     LESSER    CHICKEN 

LOUSE  (Fig.  100) 

(Goniocotes    hologaster 

Nitzsch) 

The  lesser  chicken 

louse,   which  is  usually 

Fig.  99--- Large  lipeurus  of  the  hen    (Lipeurus   hetero-  present  in  small  numbers 

graphus).    J,  Male;  2,  antenna  of  female;  j,  posterior  ^  •    r        j  t. 

ena  of  abdomen  of  female  on  hens,  is  found  on  the 

back  and  the  rump  par- 
ticularly, although  it  may  be  seen  on  almost  any  part  of  a  hen's  body. 
The  writer  has  collected  the  species  on  hens  at  Ithaca  and  at  Agricul- 
tural College,  Mississippi. 

The  louse  is  small,  scarcely  one-twenty-fifth  of  an  inch  in  length.  The 
body  is  short  and  more  or  less  circular  in  outline.  The  markings  on  the 
segments  of  the  abdomen  are  conspicuous  but  do  not  extend  deeply  inward. 
The  posterior  segments  of  the  abdomen  of  the  male  and  the  female  differ, 
as  shown  in  the  drawings. 
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the  large  chicken  louse  (Fig.  loi) 
(Gontocotes  gigas  Tasch.) 

The  large  chicken  louse  has  been  confused  with  the  preceding  species, 
but  it  is  nearly,  if  not  quite,  three  times  as  large  and  is  a  very  striking 
species.  It  is  certainly  not  so  com- 
mon as  Menopon  pallidum,  but 
the  writer  has  specimens  collected 
in  Ithaca  from  hens  and  from  the 
guinea  fowl. 

The  insect  is  nearly  one-eighth 
of  an  inch  in  length  (3  millimeters), 
and  the  male  is  yellowish  brown  in 
color  with  conspicuous  blackish 
transverse  bands  extending  inward 
from  the  margins  of  the  abdomen 
and  a  dark  band  down  the  middle 
of  the  bacJc. 

The  specimen  found  on  the 
guinea  fowl  was  on  the  side  of  the 
body,  and  whether  this  species 
frequents  any  particular  part  of  the 
fowl's  body  the  author  does  not 
know. 

the  chicken  goniodes 

{Goniodes  dissimilis  Nitzsch) 

The  chicken  goniodes  is  also 
a  large  species,  but  is  apparently 
not  common.  The  writer  has 
never  collected  it,  and,  so  far 
as  he  knows,  it  has  not  been 
reported  in  America  although  Fig.  loa — Lesser  chicken  louse  (GoniocoUs  hole- 
it  probably  can  be  found  here.  Jf^  '•  ^"^'  '•  ^'*"^  '^  "^  '^'^ 
Denny  in    1842    considered   it 

of  rare  occurrence,  but  Theobald  in  1896  says  that  in  England  it  is  an 
"  abtmdant  species  on  most  varieties  of  fowls,  and  is  espedaUy  located 
under  the  wings  and  on  the  rump."  Both  Railliet  and  Neveu-Lemaire 
say  this  species  is  "  trfes  commun  sur  les  poules." 

THE  common  louse  OP  THE  GOOSE  (Fig.  IO2) 

{Lipeurtis  jejumis  Nitzsch) 
The  common  louse  of  the  goose  here  described  has  been  collected  by  the 
writer  at  Ithaca  in  considerable  numbers,  thirty  specimens  having  been 
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taken  from  one  goose,  representing  all  stages  from  young  to  adult.     These 
lice  are  found  among  the  primary  and  the  secondary  wing  feathers  of 

geese.  They  have  the  habit 
of  gliding  sidewise  and  dodging 
from  one  side  of  the  feather  to 
the  other  through  spaces  be- 
tween the  barbs. 

The  louse  is  long,  narrow, 
slender,  and  pale  yellowish  in 
color  with  dark  margins.  The 
male  differs  from  the  female  in 
the  form  of  the  antennae  and  the 
last  segment  of  the  abdomen. 
The  length  of  the  female's 
body  is  over  one-eighth  of  an 
inch  (3.48  millimeters),  while 
the  width  is  only  about  one- 
fortieth  of  an  inch  (.66  milli- 
meter). 


Pig.  I  o I . —  Large  chicken  louse  {Goniocotes  gigas) , 
mcUe 

{Lipeurus  anseris  Gurlt) 
The  writer  has  received  some  specimens 
of  Lipeurus  anseris  from  R.  S.  Bagnall, 
of  England.  This  species  has  not  been 
collected  in  America,  nor  can  the  writer 
find  any  distinctive  characteristics  which 
differentiate  it  from  L.  jejunus. 


THE  COMMON  LOUSE  OF  THE  DUCK  (Fig.  IO3) 

(Docophorus  icierodes  Nitzsch) 
The  common  louse  of  the  duck  has 
been  collected   by  the   writer    both   at 

Ithaca  and  at  Agricultural  College,  Mississippi.     It  has  been  found  prin- 
cipally on  the  head  of  the  duck,  although  it  is  sometimes  seen  on  the 


Fig.  102. —  Common  louse  of  the 
goose  (Lipeurus  jejunus).  /,  Male; 
2,  antenna  of  male;  j,  posterior  end 
of  abdomen  of  male 
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body.     At  one  time  the  writer  found  eight  specimens,  of  which  six  were 
females  and  two  were  males,  on  the  head  of  a  white  peking  duck. 

The  female  louse  is  about  one-sixteenth  of 
an  inch  long.  It  is  rather  dark-colored, 
with  dark  transverse  bands  on  the  abdomen. 

THE    SQUALID   DUCK   LOUSE    (Fig.    IO4) 

{Lipeurus  squalidus  Nitzsch) 
The  species  known  as  the  squalid  duck 
louse  is  common  on  many  varieties  of 
ducks,  and  there  seems  to  be  no  doubt  that  it 
lives  on  the  domestic  varieties  of  ducks 
although  the  writer  has  been  unable  to  find 
it  on  this  host.  Railliet  records  it  as  "trds 
commim  sur  le  canard  domestique.*'  Kellogg 
(66th  fascicule.  Genera  Insectorunij  page  44) 
records  it  as  occurring  on  Anas  domestica. 

The  squalid  duck  louse  is  very  character- 
istic  in  appearance.     It  is  long  and  slender, 
with  a  pale  abdomen  mark- 
ed   along   the   edges   with 

more  or  less  quadrangular  ^^-  io3- —  Common  louse  of  the 
J     ,  ^  ,  ,  ^  ,         duck    (Docophorus    icier  odes). 

dark  patches,  each  patch  i^  Female;  2,  antenna  of  female; 
with  a  Hght  spot  in  the  J.  posterior  end  of  abdomen  of 
center.     The  body  of  the 

female  is  fully  an  eighth  of  an  inch  in  length  (3.4 
millimeters).  The  particular  specimen  illustrated  was 
from  a  mallard  duck  and  was  loaned  from  the  col- 
lection of  the  Minnesota  Experiment  Station. 

THE  LARGE  TURKEY  LOUSE  (Fig.  105) 

(Goniodes  stylifer  Nitzsch) 
Of  all  the  lice  that  infest  the  turkey,  the  large  turkey 
louse  has  been  found  by  the  writer  oftenest  and  in 
greatest  numbers.     It  is  a  striking  species  in  appear- 
ance, both  in  shape  and  in  size.    The  female  is  fully  an 
Fig.  104.^ Squalid  ^ig^^h  of  an  inch  (3.4  millimeters)  in  length,  chestnut- 
duck  louse  (Li-  yellow,  and  with  the  hind  angles  of  the  head  projecting 
peurus  squall  us)  backward  to  an  extraordinary  length  in  the  shape  of 
hornlike  extensions.     The  sexes  differ  from  each  other  in  the  shape  of 
the  antennae  and  of  the  last  abdominal  segments. 

This  species  frequents  the  head,  the  neck,  and  the  breast  of  the  turkey. 
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THE   SLENDER   LOUSE   OF   THE  TURKEY    (Fig.  Io6) 

{Lipeurus  polytrapezius  Nitzsch) 
The  slender  louse  also  is  common  on  the  turkey,  having  been  found  in 

considerable  numbers 
on  the  fowls  examined. 
It  is  a  long,  slender 
insect,  fully  one-eighth 
of  an  inch  in  length 
(3.46  millimeters) . 
The  sides  of  the  abdo- 
men arc  edged  with 
black,  although  the 
general  color  of  the 
louse  is  yellowish 
white. 

These  lice  are  found 
on  the  primarv'  wing 
feathers  and  are  adroit 
in  dodging  from  one 


Fig.  105. —  Turkey  louse  {Goniodes  stylifer). 
/,  Male;  2,  posterior  end  of  abdomen  of 
female;  j ,  antenna  of  female 

side  of  a  feather  to  the  other.  Denny 
describes  their  mode  of  progression  well 
when  he  says:  "They  slide  as  it  were 
sideways  extremely  quick  from  one  side 
of  the  fiber  of  a  feather  to  the  other, 
and  move  equally  well  in  a  forward  or 
retrograde  direction,  which,  together 
with  their  flat  ]3olished  bodies,  renders 
them  extremely  difficult  to  catch  or  hold." 


Fig.  106. —  Slender  louse  of  the  turkey 
(Lipeurus  polytrapezius).  /,  Female; 
2,  antenna  of  tnaU;  j,  posterior  end 
of  abdomen  of  male 


THE   PEACOCK  GONIODES    (Fig.  107) 

(Goniodes  falcicornis  Nitzsch) 

The  peacock  goniodes  is  apparently  a  common  species  on  the  peacock. 

It  is  a  large  louse,  being  fully  one-eighth  of  an  inch  in  length.     The  ab- 
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domen  is  short,  wide,  and  rounded.     It  is  marked  with  dark  bands  ex- 
tending inward  from  the  edges  of  the  segments.     This  species  has  been 

found  in  America,   but 

the  writer  has  had    no 

opportunity  to  examine  ^lM^c:«?1WV  f 

the  host  fowl. 

The  drawing  was  made 
from  a  specimen  loaned 
by  Professor  H.  Osbom. 

the  slender  louse  of 
THE  pigeon  (Fig.  io8) 

{Lipeurus  baculus 
Nitzsch) 
The  slender  louse  of 
the  pigeon  is  found  in 
abundance  on  at  least 
'Vnineteen  of  the  forty 
pigeon  host  species. ' '     It 


Fig.  107. — P  eacock  goniodes  (Goniodesfakicornis^) 
female.  Antenna  of  male  above^  ai  right;  an- 
tenna of  female  below 

has  been  seen  on  every  domestic  pigeon 
that  the  writer  has  examined  or  that  has 
been  examined  by  his  students. 

The  body  of  this  louse  is  long  and 
narrow,  and  edged  with  a  dark  border 
on  each  side.  It  is  only  about  one- 
twelfth  of  an  inch  in  length.  It  is  nearly 
of  the  same  width  throughout  the  length 
of  the  abdomen,  although  it  may  be 
slightly  wider  near  the  middle. 

This  species  seems  to  be  confined  to 
pigeons  and  apparently  does  not  spread 
to  other  fowls. 


Fig.  108. —  Slender  louse  of  the  pigeon 
(Lipeurus  baculus),  /,  Female;  2, 
antenna  of  male;  3,  posterior  end  of 
abdomen  of  male 


THE   PIGEON   louse    (Fig.   IO9) 

{Goniocotes  compar  Nitzsch) 
Denny  reports  the  pigeon  louse  as  **  a  common  parasite  on  all  varieties 
of  domestic  pigeons.'*     Osborn  says  it  is  a  species  that  has  been  familiar 
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for  a  long  time,  and  is  generally  common  on  domestic  pigeons.  It  has 
been    found    at    Ithaca    on    pigeons    that    were    generally    considered 

domestic;  at  least,  the  specimens  were  taken 

from  pigeons  nesting  and  living  about  bams 

and  dovecots. 
The  insects  are  small,  about  one-twentieth 

of  an  inch  in  length.  The  sexes  differ  markedly 

in  the  form  of  the  last  abdominal  segment. 

This  species  somewhat  resembles  the  small  G, 

hologaster  of  the  hen. 

SOME    OTHER    LESS    COMMON    LICE 

The  large  bird  louse  shown  in  figure  1 10  is 
said  to  infest  domestic  ducks,  but  the  writer 
has  not  yet  foimd  it  on  these  fowls.  It  occurs 
on  many  of  the  wild  ducks  and  has  been  foimd 
on  the  mallard.  There  seems  to  be  every 
reason  why  it  should  be  found  on  the  domestic 
duck  in  America.  It  is  a  striking  species, 
being  nearly  a  fifth  of  an  inch  in  length  (4.95 
millimeters).  The  abdomen  is  marked  by 
conspicuous  transverse  dark  bands. 
^^oul^c^p^T-'^ ^^^  The  large  species  illustrated  in  figure  iii  is 

posterior  end  of  abdomen  of  said   to   occur  on   the   domestic  goose.     The 
^  ^  specimen  shown  was   taken   from    the  snow 

goose.  It  is  larger  than  the  species  just  described,  measuring  over  one- 
fifth  of  an  inch  in  length  (6.25  millimeters).  It  is  very  darkly  colored, 
and  has  large,  strong  legs  and  a  prominent  head. 

The  pale  louse  of  the  goose  (Fig.  112)  is  a  parasite  of  the  domestic 
goose,  but  evidently  not  a  very  abundant  one.  It  is  difiicult  to  find 
among  the  thick  feathers  and  the  down  on  the  body  of  its  host.  It  is 
pale  in  color,  almost  transparent,  and  small,  measuring  only  about  one- 
thirty-fifth  of  an  inch  in  length. 

The  common  louse  of  the  peafowl  is  shown  in  figure  113.  It  closely 
resembles  the  common  louse  of  the  hen,  but  is  shorter  and  broader. 
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Fig.  I  lo. —  A  large  louse  of  the  duck 
( Trinoton  luridum) 


Fig.  III. —  A    large    louse    of   the 
'  goose  {Trinoton  cons  pur  catum) 


Fig.    112. —  The   pale  louse  of  the 
goose  (Trinoton  lUuratum) 

47 


Fig.  113. —  A  common  louse  of  the  peafowl 
(Menopon  phaeostomum) 
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OTHER  PARASITES  OP  FOWLS 
THE   POULTRY   MITE 

(Dennanyssus  gallinae  EteGeer) 

There  are  at  least  eighteen  different  species  of  mites  parasitic  on  fowls. 
Some  of  these  species  are  merely  blood-sucking  insects,  while  others  cause 
affections  of  the  skin.  Not  more  than  three  or  four  of  them  become 
serious  pests,  as  a  usual  thing.  The  species  known  as  the  poultry  mite 
is  one  of  the  blood-sucking  forms  and  one  of  the  larger  species. 

The  full-grown  mites  are  plainly  visible  to  the  unaided  eye.  It  would 
take  about  thirty-six  of  the  females  to  reach  an  inch,  they  being  .70  milli- 
meter long;  the  males  are  slightly  smaller,  being  .60  millimeter  long. 
The  color  of  the  mites  varies  from  whitish  yellow  normally,  to  blood  red 
when  fully  engorged.  In  the  female  the  mouth  parts  are  elongated  in 
the  form  of  long  stylets,  and  are  thus  fitted  for  piercing  the  skin  and 
sucking  the  blood  of  the  host;  in  the  male  the  mouth  parts  are  more  jaw- 
like, similar  to  those  of  spiders. 

Distribution  and  abundance 

The  poultry  mite  is  widely  distributed  over  the  globe.  It  has  been 
reported  from  England,  France,  Italy,  South  Africa,  Brazil,  and  all  parts 
of  the  United  States.  The  writer  has  foimd  the  mite  more  abundant  in 
the  Southern  States  than  in  the  northern  part  of  the  United  States. 
This  is  probably  due  to  the  long  and  warm  summer  seasons,  with  mild 
winters,  which  give  an  opporttmity  for  the  mites  to  survive  in  greater 
numbers  and  increase  with  greater  rapidity. 

The  abundance  of  the  mites,  under  certain  conditions,  almost  passes 
belief.  They  have  the  habit  of  congregating  in  bunches,  like  bees  settling 
on  a  limb  when  swarming.  The  writer  has  seen  them  hanging  in  festoons 
from  the  nest  boxes  of  sitting  hens.  In  such  cases  they  spread  over  the 
perches  and  become  abundant  everywhere  in  the  poultry  house.  There 
are  probably  few  poultry  houses  in  this  country  that  are  entirely  free 
from  these  mites  during  the  summer  months. 

Habits  and  injuries 
In  contrast  with  the  lice,  poultry  mites  are  temporary,  not  permanent, 
parasites.  They  are  nocturnal  in  habit,  attacking  the  fowls  at  night  but 
forsaking  their  hosts  in  the  morning  and  hiding  in  cracks  and  crevices 
of  the  perches,  the  nest  boxes,  and  the  walls  of  the  poultry  house  dtuing 
the  day.  Diu-ing  the  night  the  mites  swarm  over  the  fowls,  gorge  them- 
selves with  blood,  and  cause  serious  irritation  to  their  hosts,  with  an  ac- 
companying loss  of  rest  and  sleep. 
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There  is  no  question  but  that  the  food  of  these  mites  consists  largely, 
if  not  wholly,  of  blood.  They  are  often  found  in  great  numbers  among 
chicken  droppings,  but  there  is  no  clear  evidence  to  show  that  they  can 
live  on  this  material  or  on  the  juices  extracted  from  it.  They  can  live  for 
a  long  time  without  food.  Bues  kept  them  alive  in  a  pill  box  for  three 
months,  and  Neri  maintained  them  without  food  for  two  months.  There 
seems  to  be  authentic  proof  of  their  having  existed  in  unoccupied  poultry 
houses  throughout  a  single  season  at  least. 

The  effect  of  the  mites  on  fowls  is  serious  and  far-reaching.  Repp 
says': 

"My  observations  have  demonstrated  that  chickens  infested  with 
mites  are  exceedingly  unprofitable.  The  cost  of  keeping  them  is  increased 
and  the  income  from  them  is  very  much  reduced.  Indeed,  when  very 
badly  Infested  they  are  totally  incapacitated  for  performing  work. 

**  The  hens  will  cease  laying.  The  ovaries  undergo  atrophy  and  on 
autopsy  will  be  found  shrunken  and  in  a  condition  unsuitable  for  work. 
In  several  flocks  on  which  I  made  observation  I  found  that  egg  production 
was  greatly  reduced  or  altogether  prevented  during  the  spring  and  summer 
when,  under  normal  conditions,  it  would  have  been  at  its  height." 

Almost  invariably,  the  nest  of  a  hen  set  after  the  first  of  May  in  the 
latitude  of  Mississippi  will  in  a  few  days  be  found  swarming  with  multi- 
tudes, of  these  tiny  mites.*  If  the  mites  are  left  undistiu"bed  the  hen 
will  leave  the  nest  in  sheer  desperation.  This  is  a  sufficient  indication 
of  the  ability  of  the  mites  to  cause  trouble,  for  when  a  sitting  hen  leaves 
a  nest  of  her  own  accord  there  must  be  great  provocation. 

Sitting  hens  occasionally  succumb  to  the  attacks  of  these  mites,  from 
impoverishment  of  the  blood.  Repp  mentions  three  cases  in  which 
sitting  hens  died  on  the  nest  from  no  other  cause,  so  far  as  he  could  find, 
than  the  attacks  of  mites.  Newly  hatched  chicks  are  likely  to  suffer 
severely  in  cases  of  such  infestations,  and  chickens  both  young  and  old 
will  become  weakened  and  unthrifty  and  subject  to  the  attacks  of  various 
disorders. 

Life  history 

The  following  brief  notes  on  the  life  history  of  the  poultry  mite  are 
based  on  the  observations  of  Bues '  in  New  York  and  of  the  writer  in 
Mississippi. 

The  eggs  are  laid  in  the  hiding  places  of  the  mites  and  mixed  with  the 
exuviae  and  other  debris  in  the  cracks  and  crevices.  Sometimes  several 
eggs  are  piled  together  in  a  bunch.  The  egg  is  white,  slightly  iridescent, 
and  oval  in  shape.     It  varies  much  in  size.    Bues  says  the  eggs  are  laid 


I  Univenity.    1906. 


s  Repp,  John  J.    The  chicken  xnite.    Iowa  State  College  Bzp.  Sta.    Bui.  69.     1903. 

*  Herrick,  G.  W.     The  chicken  mite.     Mississippi  Agr.  Exp.  Sta.     Bui.  78.     1902. 

*  Baes,  C.  R.  A.     Two  external  parasites  of  poultry.     Unpublished  thesis.  Cornell  Univ 
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singly,  at  the  rate  of  about  one  a  day.  His  records  show  that  the  period 
of  incubation  when  the  eggs  were  carried  in  his  pocket  was  from  three  to 
three  and  a  half  days.  In  a  warm  room  in  the  insectary,  the  incubation 
period  in  November  varied  from  four  to  five  days. 

The  yoimg  mite  when  it  hatches  from  the  egg  is  white  in  color,  and 
is  delicate  in  appearance  but  active.  It  has  six  legs  in  this  st^e  but 
after  the  first  molt  the  fourth  pair  of  legs  appears.  Bues  believes  there 
is  but  one  molt  before  the  eight-legged  stage  is  reached  and  several  after 
that  stage,  although  he  was  imable  to  determine  the  exact  ntunber.  The 
length  of  time  from  egg  to  adult  varies,  apparently  according  to  the  supply 
of  food.  There  are  several  generations  in  the  warm  season  and  they 
increase  with  exceeding  rapidity. 


Control 
The  poultry  mite,  like  the  hen  flea,  prefers  dark,  filthy,  crowded  hen- 
houses, where  it  can  remain  imdistiu"bed  and  increase  without  hindrance. 
Measures  to  be  taken  against  this  pest  are  discussed  at  length  on  pages 
747  to  750. 

THE    COMMON   HEN  FLEA  (Fig.    1 1 4) 

(CeraiophyUiis  gallinae  [Schrank]  Wagner) 
Heretofore  the  common  hen  flea  seems  to  have  been  definitely  recorded 
but  once  in  the  United  States.     That  was  by  C.  F.  Baker,*  who  had  a 

single  specimen,  taken  at  Ames,  Iowa, 
by  Professor  Herbert  Osbom.  The 
host  was  not  mentioned.  This  flea  has 
been  reported  from  Bryan,  Texas,  as 
common  and  troublesome  on  chickens.^ 
Baker,  however,  believes  this  deter- 
mination "an  erroneous  one,  the 
record  probably  referring  to  Sarco- 
psylla  gaUinacea.** 

Curiously  enough,  the  writer  has 
received  specimens  of  the  common 
hen  flea  from  two  different  localities 
within  the  last  two  years.  In  191 2 
specimens  were  received  from  a  corre- 
spondent in  Abington,  Massachusetts, 
with  the  following  comments:  "  It  made  its  appearance  on  our  premises 
last  summer,  several  weeks  after  we  bought  some  pullets  from  a  neighboi' 


Fig.     114. —  The    common    hen 
Ceratophyllus  gallinae 


•  BakcTj  C.  P. 
7  Francis,    M. 
1894. 


Preliminary  studies  in  Siphonaptera. — IIL  Can.  ent.  37 :  iix.     1895. 

Veterinary  science:  IV.     Notes  on  parasites.     Texas  Agr.  Exp.  Sta.    BuL  30:45a. 
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who  had  returned  from  California  three  or  four  years  previously.  We 
had  never  seen  anything  of  the  kind  up  to  that  time."  The  specimens 
sent  were  caught  on  the  walls  and  the  ceiling  inside  the  henhouse.  They 
were  submitted  to  the  Honorable  N.  Charles  Rothschild,  of  London, 
England,  who  identified  them  as  CercUophyllus  gallinae^  In  the  following 
year  specimens  of  the  fleas  were  received  from  Barker,  New  York.  These 
were  collected  from  "  a  hen's  nest  in  the  henhouse  where  these  fleas  live 
and  breed."  There  are  thus  two  definite  records  of  the  appearance  of 
this  flea  in  the  United  States,  and  doubtless  it  may  be  found  in  other 
localities.  Both  correspondents  state  that  it  is  a  very  annoying  pest, 
especially  to  himian  beings.  One  says:  **  They  have  certainly  bitten  me 
severely  and  my  husband  also.  They  poison  me  so  that  the  bite  will  be 
troublesome  for  two  or  three  weeks  afterwards. ' '  The  other  says :  '  'When 
one  gets  an  opportunity  to  bite  it  will  bite  several  times  in  a  short  distance. 
The  bites  soon  become  much  swollen,  are  red,  and  itch  intolerably." 

Life  history 

The  life  history  of  this  flea,  according  to  Theobald,  seems  to  be  about 
as  follows:  The  female  lays  her  small,  white  eggs  in  the  nests  of  fowls; 
the  eggs  are  sometimes  found  also  among  the  droppings  on  the  floor. 
In  a  week  or  ten  days  the  eggs  hatch  into  the  slender,  whitish  larvae,  which 
finally  attain  a  length  of  from  one-sixth  to  one-fourth  of  an  inch.  The 
larval  life  seems  to  extend  over  a  period  of  from  ten  days  to  three  weeks, 
the  length  of  this  period  depending  on  the  temperature  and  other  sur- 
rounding conditions.  When  full-grown  the  larva  finds  a  crack  or  a  crevice, 
and  there  spins  a  pale  silken  cocoon  which  is  often  covered  more  or  less 
with  dirt.  Within  this  cocoon  the  larva  undergoes  its  change  to  the 
pupa,  in  a  period  occupying  from  ten  to  twenty-one  days.  At  the  end  of 
this  stage  the  pupa  transforms  to  the  adult  flea,  thus  completing  the 
life  history.  There  may  be  successive  generations  during  the  season,  but 
the  insects  probably  do  not  breed  through  the  winter,  at  least  in  open 
poultry  houses. 

Control 

It  should  be  borne  in  mind  that  these  fleas  love  dirt,  dark  places,  and 
generally  filthy,  unsanitary  conditions.  The  larvae  probably  live  on  the 
organic  matter  that  they  find  in  cracks  and  crevices  of  nests,  floors,  and 
walls  of  the  poultry  house. 

The  same  methods  of  control  that  are  practiced  against  hen  lice  and 
mites  will  prevail  against  these  fleas. 

■Herrick,  G.  W.    Some  eztemal  insect  {Mu-asites  of  domestic  fowls.    Joum.  eooa.  ent.  6:84.     1913. 
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the  southern  hen  flea 

{Echidnophaga  gaUinaceus  Olliff) 

{Xesiopsylla  gallinacea  Baker) 

The  southern  hen  flea  is  apparently  an  introduced  form,  for  it  was  first 
described  from  Ceylon.  It  is  now  a  common  pest  from  Florida  to  Texas, 
and  Baker  states  that  it  has  been  found  in  large  mmibers  on  horses  at 
Orangeburg,  South  Carolina.  It  has  been  reported  by  Judge  Lawrence 
C.  Johnson  as  infesting  hens,  turkeys,  cats,  dogs,  cattle,  horses,  and 
children*;  but  Judge  Johnson  probably  had  in  mind  the  true  jigger  flea, 
or  chigoe  —  Dermatophilus  penetrans.  The  writer  has  met  with  the 
southern  hen  flea  in  Mississippi,  where  it  was  found  attacking  sitting 
hens.i® 

In  the  summer  of  1907  the  groimd  beneath  one  of  the  dwelling  houses 
on  the  campus  of  the  Mississippi  Agricultural  College  became  infested 
with  fleas  to  such  an  extent  that  the  occupants  were  greatly  annoyed  by 
the  pests.  On  examination  the  writer  found  that  two  species  were  present 
beneath  the  house,  the  hen  flea  and  the  dog  flea.  The  house  stood  on 
brick  pillars  some  distance  above  the  ground,  and  thus  gave  opportunity 
^  for  hens  to  go  imder,  where  they  would  lay  eggs  and  rear  chickens.  Dogs 
and  cats  also  had  free  access  to  the  space  beneath  the  house.  In  order 
to  obtain  relief  the  space  under  the  house  was  treated  with  a  thorough 
dusting  of  slaked  lime,  and  nothing  more  was  heard  from  the  occupants 
of  the  house  until  the  summer  of  1908,  when  the  fleas  again  became  trouble- 
some. On  investigation  a  hen  was  found  sitting  under  the  house,  and 
both  hen  and  nest  were  literally  alive  with  the  southern  hen  flea. 

The  writer  does  not  mean  to  say  positively  that  these  fleas  were  annoy- 
ing the  occupants  of  the  house,  for  no  specimen  of  this  species  was  ever 
found  in  the  rooms.  In  fact,  the  writer  was  unable  to  get  hold  of  any  of 
the  specimens  in  the  house  that  were  actually  causing  the  trouble. 

The  fleas  on  the  hen  were  confined  to  the  face,  the  ear  lobes,  and  the 
wattles.  These  parts  of  the  fowl  were  almost  black  with  them.  By 
actual  count  there  were  one  hundred  and  sixty-four  fleas  on  the  right  wattle 
and  sixty-five  on  the  right  ear  lobe,  and  by  estimate  there  were  two  himdred 
or  more  on  the  right  side  of  the  face.  The  fleas  stood  at  right  angles 
to  the  surface,  with  their  heads  embedded  in  the  skin,  and  were  not  at 
all  easy  to  remove.  They  could  not  be  brushed  off  or  scraped  off  with 
a  knife  without  hurting  the  hen.  Some  were  removed  by  tweezers,  but 
even  with  the  use  of  these  instruments  they  came  off  with  difficulty. 

The  fowl  was  placed  in  a  large  box  containing  some  sawdust  and  kept 

•Johnson,  L.  C.    Bnt.  Soc.  Washington.    Proc.  i  :S9.  203-205.     xS86  and  1889. 

M  Herrick,  0.  W.     Notos  on  the  hen  flea  (Xestopsylla  gallinacea).    Joum.  econ.  ent  i  :355'3S8*    X90S. 

Digitized  by  VjOOQ IC 


Some  External  Parasites  of  Poultry 


743 


there  for  several  days.  During  this  time  she  managed  to  free  herself 
from  a  large  nimiber  of  the  fleas  by  scratching  her  head  with  her  toes, 
and  it  is  probable  that  some  of  the  older,  engorged  females  dropped  off 
to  deposit  eggs. 

Some  of  the  engorged  females  were  dissected  and  found  to  contain 
apparently  well-developed  eggs.  In  one  were  found  three  white,  oval 
eggs;  in  another  were  five.  On  June  22  two  engorged  fleas  were  placed 
in  each  of  three  vials.  At  half  past  eight  o'clock  on  the  morning  of  Jtme 
23  five  eggs  were  found  in  vial  a,  five  in  vial  b,  and  three  in  vial  c.  The 
eggs  were  white,  oval,  and  considerably  longer  than  broad.  They  meas- 
ured from  .35  to  .4  millimeter  in  length. 

It  appeared  to  be  so  easy  to  obtain  the  eggs  that  a  more  extended 
observation  seemed  worth  while.  Accordingly,  on  the  morning  of  June 
23  one  large,  apparently  engorged,  female  flea  was  placed  in  each  of  fifteen 
vials,  in  order  to  ascertain  their  egg-laying  capacities.  Eggs  were  ob- 
tained in  every  case  but  one,  and  in  most  cases  the  larvae  hatched  readily, 
as  shown  by  the  following  table : 


OviPOsiTiON  Record  of  Hen  Flea 


Fleas  placed  in  vials  on  June  23 


June  24 


Number 
of  eggs 


June  25 


Number 


June  26 


Number 
of  larvae 
hatched 


Vial  a. 
Vial  b. 
Vialc, 
Vial  d. 
Viale. 
Vialf. 
Vialg. 
Vial  h. 
Viali. 
Vialj. 
Vial  k. 
Viall. 
Vial  m 
Vialn. 
Vialo. 


It  will  be  seen  from  the  table  that  the  fleas  laid  all  their  eggs  on  the 
day  following  their  placement  in  the  vials,  and  that  the  larvae  hatched 
within  forty-eight  hours  after  the  eggs  were  deposited.  At  half  past 
nine  on  the  morning  of  June  26  most  of  the  larvae  were  found  just  wriggling 
out  of  the  eggshells.    Some  had  not  yet  got  clear  of  the  shells. 
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The  larvae  were  white,  very  active,  and  from  1.5  to  1.8  millimeters  in 
length.  They  were  nearly  of  the  same  diameter  throughout,  with  the 
thorax  slightly  larger  than  the  remainder  of  the  body.  They  were  placed 
in  separate  vials,  containing  sawdust,  feathers,  and  filth,  but,  very  likely 
owing  to  unfavorable  conditions  of  moisture  and  temperature,  none  of 
them  developed. 

Judge  Johnson  says  regarding  southern  hen  fleas  that  "  Of  the  females, 
however,  it  is  certain  they  bury  themselves  in  the  skin  of  their  victims. 
From  the  first,  they  hold  on  with  such  tenacity  that  no  ordinary  brushing 
will  remove  them.  It  seems  to  be  at  this  stage  in  their  existence  that 
impregnation  takes  place.  The  males  now  are  often  seen  in  copula  with 
them,  and  so  remain  apparently  for  days,  or  until  the  tumefaction  of  the 
skin  excited  by  the  imbedded  female  closes  around  her  so  as  to  shove 
him  oft.  Here  ends  about  all  acttmlly  known  of  this  history."  From  the 
writer's  observations  this  account  is  very  probably  accurate,  except  for 
the  latter  part.  The  males  were  found  present  on  the  head  of  the  fowl, 
but  were  not  actually  observed  in  copulation  with  the  females,  although 
fecundation  may  have  taken  place  under  these  conditions.  So  far  as  the 
writer's  observations  go,  however,  no  tumefactions  of  the  skin  of  the  fowl 
take  place.  Judge  Johnson  further  says:  "  From  analogy,  we  may  infer 
that,  the  period  of  gestation  being  completed,  the  gravid  female  lays  her 
eggs  in  this  well-prepared  nidus,  or,  more  particularly,  that  they  remain 
and  are  hatched  in  her  distended  stomach,  after  which  the  larvae  crawl 
out  and  drop  to  the  ground." 

From  the  ease  with  which  the  females  were  induced  to  lay  eggs  in  the 
vials,  the  writer  believes  they  merely  drop  off  from  the  host  when  engorged, 
as  a  cow  tick  does,  and  lay  their  eggs  among  the  d6bris  in  the  nests  of  the 
fowls.  At  no  time  was  there  a  tumefaction  of  the  skin  or  a  so-called  nidus 
formed.  It  seems  that  Judge  Johnson  must  have  ascribed  the  disease 
known  as  the  wart  disease  to  this  flea,  or  possibly  confused  it  with  that 
caused  by  Dertnatophilus  penetrans. 

THE   HARVEST   MITE 

{Trombidium  sp.) 
The  young,  or  larval,  forms  of  the  mites  commonly  known  as  harvest 
mites  sometimes  attack  young  chickens.  Railliet "  mentions  attacks  by 
the  larval  forms  of  Trombidium  Jtolosericeum  on  late-hatched  chickens, 
and  states  that  they  sometimes  produce  high  mortality.  He  says  the 
parasites  fix  themselves  at  the  bases  of  the  feathers,  where  they  insert 
their  rostrums  and  set  up  an  irritation  that  produces  an  epileptiform 

u  Railliet,  A.    Traits  de  zoologie  m^dicole  et  agricole,  p.  703.     1895. 
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affection  resulting  in  death.  These  young  forms  of  harvest  mites  are 
generally  known  in  this  country  as  redbugs,  or  chiggers. 

The  writer  had  opportunity  in  1908  to  observe  the  attacks  of  redbugs 
on  young  chickens  in  Mississippi.  The  young  chickens  in  the  poultry 
yards  of  the  Agricultural  College  were  attacked  in  two  successive  summers 
by  these  insects.  On  May  28,  1908,  two  yotmg  chickens  that  were  evi- 
dently diseased  were  examined,  and  on  the  sides  of  the  bodies  beneath  the 
wings,  where  the  feathers  were  scarce,  were  found  here  and  there  rather 
large  red  nodules,  or  tubercles.  The  nodules  were  usually  capped,  around 
the  edges  of  the  top  at  least,  with  a  hard  scab  or  crust.  In  the  center  of 
the  crust  of  each  nodule  were  found  the  red,  distended  abdomens  of 
numerous  mites,  with  their  heads  buried  in  the  tissues.  When  the  scab 
was  removed  the  mites  came  with  it,  leaving  a  comparatively  large 
cavity  in  the  center  of  the  nodule. 

The  mites  were  evidently  gregarious  and  their  presence  in  such  numbers 
had  stimulated  the  tissues  until  the  nodule  had  been  formed.  Within 
the  nodules  were  masses  of  whitish,  fatlike  tissue,  composed  of  long, 
tapering  cells.  The  mites  were  almost  buried  in  these  masses.  Occa- 
sionally one  isolated  mite  was  found,  especially  between  the  secondary 
quill  feathers  of  the  wings.  In  each  case  the  head  of  the  mite  was  buried 
in  the  flesh  of  the  fowl,  as  in  the  case  of  the  ticks. 

On  June  17  other  chickens  from  the  same  brood  were  examined.  These 
were  of  course  somewhat  larger  than  those  first  examined.  On  chick  i 
several  healing  nodules  were  found  from  which  the  mites  had  evidently 
escaped.  Fresh  nodules  were  fotmd,  however,  on  the  sides  of  the  body, 
with  mites  in  them,  and  there  were  also  isolated  mites  on  the  undersides 
of  the  wings.  On  chick  2  there  were  two  large  nodules  on  the  right  side 
of  the  abdomen.  One  of  these  contained  the  bodies  of  seventeen  mites 
closely  packed  together  like  red  berries,  with  their  heads  embedded  in 
the  tissues  of  the  tubercle.  On  chick  3  a  large  tubercle  was  present 
containing  the  bodi^  of  nine  mites,  and  on  chick  4  a  large  tubercle  con- 
tained nineteen  mites.  On  all  these  chickens  there  were  other  smaller 
clusters  of  mites,  and  a  few  isolated  ones  on  the  undersides  of  the  wings. 

Specimens  of  these  mites  were  submitted  to  Banks  for  identification. 
He  wrote  that  they  were'  "  Leptus,  that  is,  the  larvae  of  Trombidium. 
No  species  have  as  yet  been  bred  in  this  country,  so  it  is  impossible  to  tell 
to  what  species  your  material  belongs." 

Professor  Kerr,  of  the  poultry  department  at  the  Mississippi  College, 
observing  the  effect  of  these  mites  on  young  chickens,  says  the  chicks 
soon  succumb  to  the  attacks  of  the  mites.  The  chicks  seem  to  contract  a 
diarrhea,  grow  weaker  and  weaker,  and  finally  die.  Professor  Kerr  thinks 
the  mites  are  responsible  for  a  high  mortality  among  chickens  in  the  South. 
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Control 
It  is  quite  probable  that  harvest  mites  breed  in  weeds  and  tall 
grass,  where  the  sun's  rays  cannot  penetrate  and  where  moisture  condi- 
tions are  favorable.  Young  chicks  liable  to  attacks  from  these  mites 
should  be  confined  to  areas  kept  dear  from  weeds  and  taU  grass.  The 
mites  are  not  likely  to  breed  in  closely  cropped  grass  and  in  an  absence  of 
shade.    The  heat  of  the  sun  would  probably  prevent  their  development. 

A  TICK  THAT  INFESTS  TURKEYS 

(Haemaphysalis  chordeilis  Pack.) 

Within  the  past  year  the  following  letter,  accompanied  by  specimens, 
was  received  from  a  correspondent  in  Warren  County,  New  York:  "  I 
am  sending  you  a  few  specimens  of  bugs.  We  find  them  on  the  turkeys 
and  have  found  one  on  a  wild  partridge.  Can  you  tell  us  what  they  are 
and  how  to  keep  them  off  our  turkeys?  " 

The  specimens  proved  to  be  a  species  of  tick  which  Banks  identified 
as  Haemaphysalis  chordeilis  Pack.  Banks  reports  but  two  species  of  this 
genus  from  the  United  States.^*  One  of  these,  H.  leporis^palustris  Pack., . 
has  been  reported  commonly  from  the  Southern  States;  the  other,  H. 
chordeilis  Pack.,  has  been  reported  by  Banks  from  Milton,  Massachusetts, 
and  Taftsville,  Vermont.  The  specimen  from  Vermont  was  taken  from  a 
turkey,  and  that  from  Massachusetts  was  from  a  nighthawk.  In  1909 
Hadley  ^'  reported  an  infestation  of  turkeys  at  Norwich,  Vermont,  with 
the  same  species.  He  states  that  at  the  time  of  the  report  of  the  infesta- 
tion the  turkeys  were  dying  as  a  result  of  injuries  from  the  ticks.  The 
ticks  were  first  observed  on  the  young  turkeys  in  the  latter  part  of  May, 
when  the  turkeys  were  about  one  week  old.  The  ticks  seemed  to  cling 
mostly  to  the  region  of  the  neck.  The  birds  that  were  infested  bore 
from  seventy  to  eighty  mature  ticks  and  as  many  more  immature  forms. 
The  owner  tried  insect  powders,  lard,  and  kerosene  oil,  but  without  suc- 
cess.    He  was  finally  obliged  to  pick  the  ticks  off  by  hand. 

It  is  of  interest  to  observe  that  Norwich  is  only  about  twenty  iiules 
from  Taftsville,  where  this  species  on  the  turkey  had  already  been  reported 
by  Banks.  Moreover,  Bolton  Landing  in  New  York  is  in  Warren  Cotmty 
and  almost  directly  west  of  Norwich  and  Taftsville,  at  a  distance,  judging 
from  scale  measurements  made  on  a  map,  of  about  fifty  miles.  The 
writer  has  been  tmable  to  find  out  whether  the  correspondent  at  Bolton 
Landing,  New  York,  had  ever  bought  turkeys  from  the  vicinity  of  Windsor 
or  Taftsville,  Vermont.     In  case  he  had,  it  would  not  be  difficult  to  ex- 

u  Banks,  Nathan.  A  revision  of  the  Ixodoidaa,  or  ticks,  of  the  United  Sutes.  U.  S.  Agr.  Dept.,  Ent. 
Bur.     Bui.  15.  Tech.  ser.     1908. 

u  Hadley,  Pnilip  B.  Notes  on  the  parasitism  of  Cytodites  nudus  and  Haemaphysalis  chordeilis.  Sdenoe 
so:  605-606.    1909. 
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plain  the  westward  distribution.  In  case  he  had  not,  the  westward  dis- 
tribution would  have  to  be  explained  by  the  supposition  that  these  ticks 
are  already  widely  distributed  in  that  latitude  or  that  they  are  gradually 
diffusing  themselves  from  fann  to  fann.  If  the  tick  found  on  the  partridge 
(ruffed  grouse)  was  really  of  this  species,  the  fact  would  be  significant; 
for  if  this  tick  is  a  parasite  of  the  grouse  it  might  easily  find  its  way  to 
turkeys,  since  these  fowls  range  widely  over  field  and  forest.  Unfor- 
ttmately,  the  correspondent  did  not  say  whether  he  included  among  the 
specimens  sent  the  one  collected  from  the  partridge. 

This  tick  is  a  rather  large  one,  the  fuU-grown  female  being  from  one- 
quarter  to  five-sixteenths  of  an  inch  in  length.  The  body  is  reddish 
brown  and  is  almost  as  wide  as  it  is  long. 

Control 

The  introduction  of  infested  fowls  from  tick-infested  areas  should  be 
avoided  by  carefully  quarantining  and  examining  all  turkeys  purchased 
from  other  localities  before  turning  them  in  with  the  home  flock. 

If  fowls  once  become  infested,  hand-picking  wiU  probably  prove  to  be 
the  most  feasible  method  of  control. 

METHODS  OP  CONTROLLING  THE  PARASITES  OP  DOMESTIC  POWLS 

The  meastires  of  control  here  recommended  are  the  restdt  of  experiments 
through  several  years,  more  especially  with  the  chicken  mite  in  the  Gulf 
States,  where  it  is  especially  prominent  as  a  pest  of  domestic  fowls." 
It  does  not  seem  desirable  to  give  details  of  these  experiments,  but  rather 
to  make  definite  recommendations  based  on  their  results. 

Lice,  chicken  mites,  and  hen  fleas  are  all  responsive  to  much  the  same 
line  of  control  treatment.  What  is  effective  for  one  is,  broadly  speaking., 
effective  for  all,  though  the  lice  may  call  for  additional  and  special  treat- 
ment. The  suggestions  given  cover  the  methods  whereby  the  parasites 
discussed  in  this  bulletin  may  be  held  in  check. 

necessity  of  clean  surroundings  and  op  light 
From  work  with  the  poultry  mite  and  the  hen  flea  extending  over 
several  years,  the  writer  is  convinced  that  the  most  potent  cause  of  the 
presence  and  increase  of  these  parasites  is  filth — under  which  may  be 
including  droppings,  decaying  and  decayed  eggs,  and  bits  of  decayed 
material  of  all  kinds.  Mites  especially  are  fotmd  in  great  numbers  in  the 
filth  that  has  sifted  through  the  straw  and  that  lies  in  the  bottom,  in  the 
comers,  and  in  the  cracks,  of  the  nest.    If  a  partly  hatched  egg  happens 

M  Herrick,  G.  W.    The  chicken  mite.     MiBtiaaippi  Agr.  Bxp.  Sta.    Bui.  78.     xgoa. 
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to  be  broken  in  the  nest  the  mites  literally  swarm  over  it.  The  filthier 
the  nest  becomes  from  droppings  and  broken  eggs,  the  more  abimdant 
become  the  mites. 

Lack  of  light  is  another  cause  of  the  presence  and  increase  of  mites 
and  other  parasites.  Many  persons  believe  that  almost  anything  will 
answer  for  a  poultry  house.  The  only  light  that  enters  many  poultry 
houses  is  what  filters  in  through  cracks  and  through  a  small  door,  which 
may  or  may  not  be  allowed  to  stand  open. 

Such  a  house  as  the  one  shown  in  figure  115,  facing  the  south,  is  almost 
ideal  so  far  as  obtaining  the  maximum  amoimt  of  sunshine  and  air  is 
concerned.  The  open  windows  should  be  fitted  with  cloth  curtains 
fastened  to  wooden  frames  hung  on   hinges.    Diuing  the  day  in  pleasant 


Fig.  115. —  Poultry  house  providing  abundance  of  light  and  air 

weather  the  curtains  may  be  swung  up  out  of  the  way.  At  night  they 
may  be  let  down  to  close  the  windows,  thus  making  the  house  warmer 
but  allowing  sufficient  air  to  enter  for  ventilation. 

Inside  of  poultry  house^^ 

The  poultry  house  should  be  high  enough  and  roomy  enough  inside 
so  that  one  can  go  in  and  walk  about  with  some  degree  of  comfort  and 
pleasure.  It  is  a  place  that  should  be  visited  every  day  in  order  that 
it  may  receive  proper  attention.  A  poultry  house  built  in  such  a  way 
that  one  has  to  crawl  through  a  small  door  in  order  to  enter,  and  then 
go  groping  around  in  semidarkness,  half  bent  to  the  ground  for  fear  of 
bimiping  the  head  against  the  roof,  will  receive  few  visits  and  scant  atten- 
tion. 

The  inside  of  the  house  should  be  planned  so  that  nearly,  if  not  quite, 
everything  —  perches,  dropping  board,  and  nest  boxes  —  can  be  removed, 

w  Herrick,  G.  W.     The  chicken  mite.     Mississippi  A^'.  T^xp.  Sta.     Bui.  78.     1902. 
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leaving  nothing  but  the  foiir  bare  walls.  It  would  be  advantageous 
to  have  the  floor  made  of  concrete.  This  would  aid  in  insuring  dryness, 
cleanliness,  and  freedom  from  parasites.  As  few  pieces  of  timber  as 
possible  should  be  nailed  permanently  to  the  walls  of  the  house,  the  object 
being  to  eliminate  everything  possible  that  might  afford  a  hiding  place 
for  the  parasites  and  protect  them  from  whatever  insecticides  might  be 
used.  In  such  a  house  every  part  of  the  walls  can  be  thoroughly  treated 
with  kerosene  oil,  carbolic  acid,  or  any  other  insecticide.  Perches,  nest 
boxes,  and  other  fixtures  are  also  much  more  easily  cleaned  and  treated 
if  removed  from  the  house  than  if  they  are  in  place. 

To  clear  an  infested  poultry  hottse  of  mites 
It  often  happens  that  a  poultry  house  becomes  infested  with  mites 
from  floor  to  roof  and  in  every  nook  and  cranny.  If  the  house  is 
of  the  older  type  and  not  too  valuable,  it  may  be  justifiable  to 
bum  it  and  btiild  anew.  In  any  case  the  perches  and  nests  should 
be  torn  out,  in  order  to  facilitate  the  application  of  insecticides.  The 
next  thing  to  do  is  to  clean  the  walls  and  floors  by  giving  them  a 
thorough  sweeping.  The  inside  of  the  house  should  then  be  sprayed 
with  kerosene  or  crude  petroleum.  It  is  best  to  begin  at  a  certain  place 
and  go  over  walls  and  floor  with  the  oil,  applying  it  with  considerable 
force  by  means  of  a  ptimp  and  not  stopping  imtil  every  square  inch  has 
been  covered.  The  liquid  should  be  forced  into  cracks  and  crevices 
between  the  boards.  The  oil  will  kill  all  the  eggs  that  are  hit,  but  some 
eggs  will  surely  escape  being  touched.  As  it  takes  from  four  to  five 
days  for  the  eggs  to  hatch,  the  walls  should  be  gone  over  again  in  about 
a  week  in  order  to  kill  the  young  mites  that  appear  in  the  meantime. 
In  another  week  a  third  application  may  be  necessary. 

If  it  is  thought  preferable,  the  kerosene  or  crude  petroleum  may  be 
made  into  an  emvilsion**  and  diluted  to  ten  or  fifteen  per  cent,  which  will 
kill  all  the  mites  actually  hit.  The  emulsion  is  made  as  follows:  One- 
half  pound  of  laundry  soap  or  whale-oil  soap  is  shaved  fine  and 
dissolved  in  i  gallon  of  water.  The  soap  is  best  dissolved  if  the  water 
is  nearly  or  quite  at  the  boiling  point.  When  the  soap  is  dissolved 
and  the  water  is  hot  it  is  removed  from  the  fire,  2  gallons  of  kerosene 
oil  is  added,  and  the  mixttire  is  agitated  or  churned  violently  imtil  a  white, 
creamy  emulsion  is  formed.  The  best  way  to  produce  the  emulsion  is 
to  ptmip  the  liquid  back  into  itself  through  the  pimip  tmtil  the  mixture 
becomes  creamy.  To  make  a  ten-per-cent  emulsion  17  gallons  of  water 
is  added  to  the  3  gallons  of  stock  mixture;  to  make  a  fifteen-per-cent 
emulsion  10 J  gallons  of  water  is  added  to  the  3  gallons  of  stock  mixture. 

u  Repp,  John  J.     The  chicken  mite.     Iowa  State  College  Exp.  Sta.     BuL  69.     1903. 
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It  is  advisable  to  follow  the  application  of  the  oil  to  the  walls  of  the  house 
with  a  dusting  of  dry  air-slaked  lime  3  parts  and  sulfur  i  part.  The 
windows  and  doors  of  the  house  should  be  closed  and  the  lime-sulfur 
should  be  thrown  up  to  the  roof  and  against  the  walls  until  the  air  is 
full  of  the  particles.  The  powder  will  gradually  settle  evaywhere,  much 
of  it  entering  cracks  and  crevices. 

Isolation  of  poultry  house 
It  is  a  well-known  fact  that  the  poultry  mite  sometimes  attacks  horses, 
causing  sores  on  the  skin  and  a  consequent  faUing-out  of  the  hair,  thus 
making  bald  spots  at  points  of  infestation.  Such  attacks  on  horses  by 
poultry  mites  occur  only  when  infested  fowls  have  roosted  near  the  stable. 
Sometimes  poultry  houses  are  built  adjoining  the  horse  stable,  and  some- 
times fowls  are  allowed  to  roost  over  the  horses  or  even  about  the  mangers. 
In  such  cases  there  is  danger  of  an  attack  on  the  horses  by  mites.  For 
this  reason  poultry  houses  should  be  built  at  some  distance  from  other 
farm  buildings,  especially  from  horse  and  cow  stables. 

ISOLATION  OP   SITTING  HENS " 

It  is  customary  on  many  farms  to  place  sitting  hens  on  eggs  in  the 
same  house  with  the  other  fowls.  Mites  are  likely  to  infest  brooding 
fowls  and  to  increase  enormously  in  the  nests  of  the  fowls.  It  is  there- 
fore desirable  to  have  sittinig  hens  apart  by  themselves,  in  a  separate 
room  or  a  separate  building.  It  seems  not  to  be  a  good  practice,  how- 
ever, to  set  hens  in  boxes  and  barrels  here  and  there  about  the  grounds,  as 
this  often  exposes  the  fowls  to  the  injurious  effects  of  rain  and  storms. 
A  woman  living  in  Missouri,  writing  for  an  agricultural  paper,  says: 
"  Hens  should  be  set  in  a  room  fitted  up  for  that  purpose  with  nests  like 
those  in  which  they  lay.  When  one  is  ready  to  sit,  and  her  service  is 
wanted,  a  clean  box  should  be  obtained,  treated'  with  kerdsene  and  carbolic 
acid,  and  sprinkled  with  lime,  after  which  a  good  soft  nest  should  be 
built  therein." 

It  must  be  remembered  also  that  sitting  hens  need  some  attention. 
Not  infrequently  an  egg  is  broken  in  the  nest.  When  this  happens,  the 
egg  should  be  removed  and  the  others  with  which  it  has  come  in  contact 
should  be  carefully  washed  with  warm  water  and  wiped  dry.  If  there 
are  droppings  in  the  nest  they  should  be  removed.  It  is  of  advantage 
to  dust  fresh  insect  powder  on  the  hen  occasionally  while  she  is  brooding. 
To  facilitate  the  care  and  handling  of  a  brooding  fowl,  some  attention 
and  thought  should  be  given  to  the  selection  of  the  right  kind  of  a  hen. 

"  Herrick.  G.  W.    The  chicken  mite.    MissiBaipsn  Agr.  Esp.  Sta.    Bui.  78-     iQoa. 
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A  quiet,  motherly,  easily  handled  hen  should  be  chosen.    The  idiosyn- 
cracies  and  character  of  a  hen  have  much  to  do  with  her  success  as  a  mother. 

treatment  of  male  birds 

An  infested  rooster  is  a  fruitful  source  of  distribution  of  lice  and  other 
parasites  throughout  a  whole  flock.  Particular  attention  should  be 
paid  to  ridding  male  birds  of  these  parasites.  It  would  be  well  to  dust 
the  males  occasionally  in  a  thorough  manner  with  the  Cornell  (Lawry) 
powder.  Moreover,  when  a  new  cockerel  is  introduced  into  the  flock 
it  is  a  good  practice  to  isolate  him  for  a  few  days  and  make  two  or  three 
thorough  applications  of  the  powder,  being  sure  that  the  bird  is  free 
from  all  parasitic  affections  and  diseases  before  allowing  him  to  be  with 
the -flock. 

dust  bath  for  hens 

Rice  says  that  "  a  dust  wallow  is  as  essential  to  a  fowl's  health  and 
happiness  as  a  water  bath  is  to  the  health  of  a  human  being.""  It  is 
a  common  thing  to  see  hens  and  chickens  wallowing  in  dry  dust.  They 
make  a  hollow  place  in  the  ground  to  conform  with  the  body,  and  in  this 
they  lie,  scratching  with  the  feet,  fluttering  the  wings,  and  elevating 
the  feathers  until  they  stand  all  fluffy  and  loose  over  the  body.  By 
scratching,  the  fowls  loosen  and  pulverize  the  soil,  which  is  worked  down 
in  among  the  feathers.  This  is  not  done  wholly  for  pleasure,  although 
the  fowls  apparently  enjoy  it;  the  fine  dust  is  an  excellent  insecticide 
and  aids  in  controlling  mites  and  lice. 

There  are  days  and  seasons  of  the  year  when  fowls  cannot  find  dry,  dusty 
places  in  which  to  wallow.  Moreover,  where  fowls  are  kept  in  a  pen 
or  a  yard  they  are  not  always  able  to  find  a  satisfactory  dust  bath.  In 
view  of  these  facts  a  dust  bath  should  be  provided  and  made  accessible 
at  all  times  and  seasons. 

The  finer,  lighter,  and  drier  the  dust,  the  more  satisfactory  it  wiU  be. 
Some  kinds  of  light  road  dust  are  good;  fine  sandy  loam  is  excellent. 
Whatever  soil  is  used,  it  is  well  to  lighten  it  by  mixing  it  with  finely  sifted 
coal  ashes.  It  is  also  advantageous  to  add  now  and  then  small  quantities 
of  snuff,  sulfur,  or  dry  slaked  lime,  or  all  three  of  these. 

The  box  containing  the  dust  should  be  set  near  a  window,  where  the 
dust  will  be  kept  dry  and  warm  and  where  the  stmlight  will  reach  it  for 
a  considerable  part  of  the  day.  The  mixture  may  be  kept  in  an  open 
box,  but  in  this  case  the  fowls  that  are  not  dusting  are  compelled  more 
or  less  to  inhale  the  particles  of  dust.  Because  of  the  dust's  rising,  it 
is  of  advantage  to  keep  the  fine  soil  in  a  covered  box  with  a  lid  on  top 

i«  Rice,  J.  B.,  and  Rogers,  C.  A.  Btiildmg  poultry  houses.  Cornell  Unhr.  Agr.  Exp.  SU.  Bvl.  374:3<>i 
1910. 
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for  easy  filling;  a  small  opening  in  one  side  of  the  box  should  be  provided 
for  the  entrance  of  the  fowls  (Fig.  116). 


DUSTING   FOWLS 

The  measures  of  control  thus  far  outlined  are  more  especially  applicable 
to  the  poultry  mite,  although  most  of  the  measures  discussed  are  of 
value  in  controlling  hen  lice  also.     The  lice,  as  has  been  pointed  out, 

are  permanent  parasites  and 
rarely  leave  their  hosts. 
Therefore  applications  of  oil 
to  the  walls  of  the  house,  the 
perches,  and  other  fixttires 
do  not  reach  the  lice  on  the 
hens.  Light,  cleanliness, 
fresh  air,  and  dust  baths 
are  of  great  value  in  fight- 
ing lice,  but  it  sometimes  be- 
comes necessary  to  actually 
hit  the  lice  with  an  insecticide 
in  order  to  check  or  destroy 
them.  For  this  purpose 
dust  insecticides  are  usually 
recommended  and  applied. 

The  best  dust  insecticide 
that  the  writer  has  ever 
known  is  the  Cornell  (Lawry) 
powder.  It  is  made  in  the 
following  way^*:  Two  and 
one-half  pounds  of  plaster 
of  paris  is  spread  in  a  shallow 
pan  or  tray.  One-fourth 
pint  of  crude  carbolic  acid  is  poured  into  a  cup,  and  into  this  is  poured 
three-fourths  pint  of  gasoline.  The  mixture  of  acid  and  gasoline  is  poured 
over  the  plaster  of  paris  and  thoroughly  mixed.  It  is  then  rubbed  through 
a  wire  window  screen  on  a  piece  of  paper  and  allowed  to  stand  for  from  one 
and  one-half  to  two  hours  or  imtil  thoroughly  dry.  It  must  not  be  placed 
near  aflame  or  any  heat.  The  powder  should  be  kept  in  a  closed  can  or  jar, 
where  it  will  retain  its  strength  for  a  long  time.  The  powder  is  applied  by 
means  of  an  ordinary  sifter  or  with  the  finger,  and  is  worked  in  among  the 
feathers  about  the  vent,  in  the  fluff,  and  under  the  wings.   In  extreme  cases 

»•  Circular  letter.  Department  of  Poultry  Husbandry,  Cornell  University. 


Fig.  116. —  Box  for  the  dust  hath] 
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the  application  shotdd  be  repeated  in  about  two  weeks.    A  small  pinch 
of  the  powder  is  sufficient  for  a  fowl. 

Cost  of  dusting  fowls 
It  seemed  desirable  to  ascertain  the  approximate  cost  of  dusting  hens 
with  the  Cornell  powder.  Several  extensive  trials  were  made  in  cooper- 
ation with  the  Department  of  Potdtry  Husbandry.  The  work  of  dusting 
was  performed  by  students,  who  proved  fairly  skillful  after  a  little  practice. 
The  results  of  these  trials  are  shown  in  the  table: 

Cost  of  Dusting  Fowls 


Pen  no 

Number  of  fowls 

Number  of  students 

Time  (in  minutes) 

Powder  used  (in  poimds) 

Cost  of  powder 

Cost  of  labor 

Total  cost 

Cost  per  one  hundred  hens. . 


7 

8 

8 

II 

9 

367 

175 

220 

401 

228 

7 

5 

4 

4 

5 

82 

64 

53 

70 

51 

3-7 

2.3 

4.2 

5.3 

2.3 

«.I3 

$.08 

I.15 

$.19 

$.08 

$1.45 

$.56 

$.53 

1.70 

$.64 

11.58 

$.64 

1.68 

$.89 

1^2 

$•43 

$.37 

$31 

1.22 

«.32 

II 
232 
5 
47-5 

1.09 

*.59 
$.68 
$.29 


It  is  seen  from  this  table  that  the  average  cost  of  dusting  was  a  little 
over  32  cents  for  each  one  hundred  fowls.  This  is  a  little  less  than  one- 
third  of  a  cent  for  each  fowl.  Considering  the  effectiveness  of  the  powder, 
this  is  not  an  excessive  amount  to  spend  for  controlling  lice. 

DIPPING  FOWLS 

.  The  writer  has  had  no  experience  in  dipping  fowls,  and  on  general 
principles  wotdd  not  advise  it.  The  effect  on  the  fowl  is  rather  severe  and 
the  shock  must  be  considerable.  The  following  dips  have  been  used: 
(i)  Ptire  carbolic  acid,  ij  ounces  in  i  gallon  of  hot  water.  After  the 
solution  has  cooled,  the  fowl  should  be  immersed  in  it  for  one  minute  only. 
(2)  Creolin  at  the  rate  of  2J  otmces  to  a  gallon  of  water  may  be  used 
instead  of  carbolic  acid. 

MIXTURES   FOR  PAINTING  PERCHES 

One  of  the  most  convenient  mixtures  for  painting  perches,  nest  boxes, 
or  walls  of  a  poultry  house,  is  a  combination  of  crude  carbolic  acid  and 
kerosene.  Three  parts  of  kerosene  ^and  one  part  of  crude  carbolic  acid 
make  an  effective  mixture  for  killing  eggs,  mites,  lice,  fleas,  and  any 
parasites  that  may  be  present  in  cracks  and  crevices  of  the  house.  There 
is  no  objection,  other  than  that  of  the  expense,  to  using  this  mixture 
for  spraying  walls  and  perches. 
48 
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Another  mixture  for  painting  perches  and  nest  boxes  is  known  as 
cresol  soap.^  It  is  made  by  shaving  **  one  ten-cent  cake  of  laundry  soap 
into  one  pint  of  soft  water.  Heat  or  allow  to  stand  until  a  soap  paste 
is  formed.  Stir  in  one  pound  of  commercial  cresol  and  heat  or  allow 
to  stand  until  the  soap  paste  is  dissolved.  Stir  in  one  gallon  of  kero- 
sene. Cresol  is  a  coal  tar  product  and  may  be  obtained  from  the  druggist 
at  about  30  cents  per  pound.  Care  should  b^  taken  not  to  get  any  of  it 
upon  the  hands  or  face  as  it  will  cause  intense  smarting.  For  use  as 
a  lice  paint,  apply  undiluted." 

M  Pierce,'  H.  C,  and  Webster.  R.  L.    Lice  on  fowls.    Iowa  Stote  CoUsge  Bzp.  Sta.    Press  boL  No.  i8. 
1909. 
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VARIATIONS    m  THE  TESTS  FOR  FAT   IN   CREAM   AND 
SKIMMED  MILK 

E.  S.  Guthrie  and  G.  C.  Supplee 

There  are  a  ntunber  of  factors  that  affect  the  percentage  of  fat  in  cream 
from  a  centrifugal  separator,  though  many  dairymen  have  the  impression 
that  this  percentage  should  be  constant  if  the  cream  screw  or  the  skimmed 
milk  screw  is  not  changed.  Besides  this  screw  (which  is  a  device  for 
regulating  the  percentage  of  fat  in  the  cream  within  only  approximate 
limits),  the  following  factors  must  be  considered:  temperature,  speed, 
rate  of  inflow,  percentage  of  fat  in  whole  milk,  variation  in  amount  of  liquid 
used  for  flushing  —  or  in  quantity  of  whole  milk,  which  amounts  to 
essentially  the  same  thing  —  and  slime  deposit. 

In  the  experiments  described  herein,  with  the  exception  of  the  one 
on  the  effect  of  variation  in  the  amount  of  flushing  liquid,  the  samples 
of  cream  and  skimmed  milk  were  taken  before  the  bowl  of  the  separator 
was  flushed.  Thus  the  possible  effect  of  a  variation  in  the  test  caused 
by  different  quantities  of  skimmed  milk  used  in  flushing  was  eliminated. 
Unless  otherwise  noted,  the  samples  were  taken  from  the  containers  at 
the  completion  of  the  run.  One  can  of  milk,  amounting  to  from  eighty 
to  eighty-five  pounds,  was  used  in  each  determination  tmless  otherwise 
stated.     The  tests  were  made  in  duplicate. 

All  the  factors  were  studied  with  one  machine,  which  is  designated  as 
separator  i.  Some  of  the  factors  were  studied  later  with  other  styles  of 
separators,  but  not  so  many  determinations  were  made.  Five  different 
types  of  separators,  representative  of  the  machines  in  common  use,  were 
employed  in  these  experiments. 

All  the  milk  was  standardized  to  a  definite  percentage  of  fat,  and  imless 
otherwise  noted  it  was  made  to  test  4  per  cent  fat.  In  order  that  the 
viscosity  of  the  milk  might  not  be  affected,  the  standardization  was  not 
accomplished  by  using  skimmed  milk  and  cream  from  a  centrifugal 
separator,  but  by  allowing  whole  milk  to  separate  by  gravity  and  thus 
obtaining  the  proper  mixture  of  cream  and  skimmed  milk. 

During  all  the  nms,  with  the  exception  of  those  made  in  the  study 
of  the  effect  of  different  quantities  of  milk  in  the  supply  tank,  the  tank 
was  kept  about  half  full.  At  the  end  of  a  run  it  was  allowed  to  empty 
before  the  samples  were  taken.  A  uniform  pressure  was  insured  by  placing 
a  second  supply  tank  from  another  separator  on  a  frame  above  the  first 
tank  and  properly  regulating  the  gate  in  the  second  tank. 
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The  reader  should  understand  that  so  much  exactness  is  not  necessary 
in  the  control  of  the  conditions  affecting  separation  as  was  used  in  these 
experiments,  for  a  slight  variation,  which  might  affect  a  scientific  study, 
would  not  detract  from  the  efficiency  of  a  separator. 

In  the  operation  of  the  separators  the  steps  were:  (i)  the  milk  was 
standardized;  (2)  the  separator  was  put  in  proper  running  condition; 
(3)  forty  quarts  of  milk  was  obtained;  (4)  the  temperature  of  the  milk 
was  raised  to  the  desired  point;  (5)  the  milk  was  placed  in  the  tanks; 
(6)  the  speed  of  revolution  was  raised  to  the  proper  rate;  (7)  the  gate  of 
the  first  tank  was  opened  wide,  and  the  gate  of  the  second  tank  was  opened 
sufficiently  to  maintain  a  fairly  constant  level  of  milk  in  the  first  tank; 
(8)  so  far  as  possible  a  uniform  rate  of  speed  was  maintained;  (9)  the 
cream  pail  and  the  skimmed-milk  can  were  removed  before  the  bowl 
was  flushed,  tinless  otherwise  noted;  (10)  after  being  thoroughly  mixed, 
the  cream  and  the  skimmed  milk  were  tested. 

TEMPERATURE   OP   THE   MILK 

Centrifugal  separators  work  most  efficiently  when  the  temperature  of 
the  milk  is  about  85^  to  95°  F.,  which  is  only  a  few  degrees  below  the  body 
temperature  of  the  cow.  Higher  temperatures  may  be  used  with  just  as 
satisfactory  results,  but  they  are  not  often  used,  especially  on  the  farm; 
for  if  the  separation  is  done  soon  after  milking,  the  temperatt^e  could 
not  be  better.  Lower  temperatures  seem  to  make  the  milk  flow  more 
slowly,  with  a  consequent  higher  percentage  of  fat  in  the  cream  and  in 
the  skimmed  milk.  The  report  of  the  studies  on  temperature  is  given 
in  tables  i  to  6  inclusive. 

It  will  be  noticed  that  the  lowest  temperature  studied,  which  was 
70**  F.,  caused  poor  separation  as  indicated  by  the  tests  of  the  skimmed 
milk.  A  further  indication  that  the  machine  became  clogged  is  that 
the  tests  of  the  cream  were  low.  For  this  reason  the  lowest  temperature 
for  separation  had  to  be  raised  five  degrees. 

The  averages  for  table  i  are  not  given,  since  the  variations  were  so 
great  that  they  would  be  of  little  value.  It  seemed  advisable  to  run 
another  series  of  determinations  in  which  the  speed  would  be  controlled 
more  carefully.  In  the  first  detemiinations  the  operator,  while  turning 
the  crank,  counted  the  revolutions  six  or  eight  times  dtiring  the  nm. 
Usually  the  duration  of  the  count  was  fifteen  or  thirty  seconds;  in  some 
cases  it  was  one  minute.  The  time  of  each  run  for  table  2  was  ten  or 
eleven  minutes.  In  the  column  showing  the  number  of  revolutions  per 
minute  it  is  seen  that  the  exact  ntunber  of  revolutions  was  recorded  for 
from  six  to  nine  minutes  of  each  run. 
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TABLE  I.    Separator  i.    Effect  of  Temperature  on  Tests  for  Fat 
in  Cream  and  Skimmed  Milk 


90«F. 

So**  F. 

70**  F. 

Determi- 
nation 

Cream 

test 

(per  cent) 

Skimmed 

milk 

test 
(per  cent) 

Cream 

test 

(per  cent) 

Skimmed 

milk 

test 
(per  cent) 

Cream 

test 

(per  cent) 

Skimmed 

milk 

test 
(per  cent) 

i'. 

31  0 

It:; 

34  0 
24  5 

26.0 
31-0 
340 
28.0 

32.5 
31.0 
26.0 
26.5 
27.0 
26.5 
31.0 
27.0 
28.0 

•015 
.010 
.020 
.020 
.020 

.025 
.020 
.025 
•025 
.020 
.020 
.050 
.040 
.030 
.025 
.020 
.040 
.040 

34.0 

44.5 
33.0 
36.0 
32.0 

30.0 

38.5 
47-0 
33  0 
41.0 
39  0 
36.0 
32.0 
36.0 
33  0 
36.0 
330 
32.0 

.035 
.025 
.030 
.020 
.030 

.050 
.040 
.030 
.030 
.025 
.030 

:^ 

.040 
.040 
.030 
.030 
.030 

17-5 
20.0 
18.0 
15  0 
13-5 

3  20 
3.20 

2 

't 

A 

2.10 

s 

300 

75^  F. 

6 

36.5 
21.0 

31-5 
52.0 

35-5 
45.5 
45  0 

36.5 
33  0 
50.0 
44.0 

33.5 
46.0 

.30 
1.20 

7 

8     

.17 

0 

.04 

10 

.07 

II 

1^ 

12 

1% 

.09 

Id 

.90 

IS 

.07 

16 

05 

17 

.05 

18 

.08 

TABLE  2. 


Separator  i.    Effect  of  Temperature  on  Tests  for  Fat 
IN  Cream  and  Skimmed  Milk 


Temperature 

Determi- 
nation 

Cream 

test 
(per  cent) 

Skimmed 

milk 

test 
(per  cent) 

Revolutions  of  crank  per  minute 

90«  F 

I 
2 
3 

Average.. . 

29.50 
30.50 
29.50 

"29.83 

.020 
.020 
.020 

.020 

61,60,61,60,60,60,60 
60,61,  60,  60,60,  60 
60,  60,  60,  59,  60,  60 

8o*»  F 

I 
2 
3 

Average. . . 

35.50 
36.50 
36.00 
39  00 
36.75 

.030 
.040 

.035 
.050 

.039 

60,  60,  60,  60,  60,  61,  60,  60 
60,  60,  60.  60,  60,  60,  59 
62,  60,  60,  61,  60,  62,  60,  60 
60,  60,  60,  59,  60,  60,  60 

75^    F 

I 
2 
3 

Average. . . 

43.00 
39-00 
45-50 
45.00 
43-12 

.070 
.065 
.070 
.070 
.069 

60,  60,  60,  61,  60,  61,  60 
60,  60,  59,  59.  59»  60,  59,  59,  60 
62,  60,  60,  60,  60,  60,  60,  60 
60,  59,  59.  60,  60,  60,  61 
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The  figures  in  table  2  are  more  satisfactory  than  those  in  table  i, 
because  the  variation  from  one  determination  to  the  next  was  not  large. 
It  is  evident  that  the  more  uniform  results  are  due  to  a  more  uniform 


TABLE  3. 


Separator  2.    Effect  of  Temperature  on  Tests  for  Fat 
IN  Cream  and  Skimmed  Milk 


Temperature 


Determi- 
nation 


Cream 

test 

(per  cent) 


Skimmed 

milk 

test 
(per  cent) 


Revolutions  of  crark 


90*  F. 


I 

2 
3 
4 
5 
Average. 


75^  F. 


70*^  F. 


28.0 
28.0 
28.0 
28.0 
28.5 
28.1 


.050 
.020 
.030 
.040 
.040 
.036 


240  in  4  minutes 
240  in  4  minutes 
240  in  4  minutes 
240  in  4  minutes 
240  in  4  minutes 


I 

2 
3 
4 
5 
Average. 


30.0 
31  o 
31  o 
31-5 
32.5 
31-2 


.060 
.050 
.040 
.045 
.055 
.050 


416  in  7  minutes 
420  in  7  minutes 
420  in  7  minutes 
420  in  7  minutes 
420  in  7  minutes 


Average. . . 


39  o 

42.5 
40.0 
36.0 
40.0 
39-5 


.040 

^IIO 
v270 

•730 

.120 

•254 


420  in  7  minutes 

420  in  7  minutes 
419  in  7  minutes 
390  in  6J  minutes 

421  in  7  minutes 


TABLE  4.    Separator  3.    Effect  of  Temperature  on  Tests  for  Fat 
IN  Cream  and  Skimmed  Mili^v 


Temperature 


Determi- 
nation 


Cream 

test 

(per  cent) 


Skimfried 

milk 

test 
(per  cent) 


Revolutions  of  crank 


90°  F. 


I 
2 
3 
4 

Average. 


21.0 
21.0 
21.0 
21.0 
21.0 
21.0 


80**  F. 


I 
2 
3 
4 
5 
Average. 


22.0 

12.5 
20.5 
22.5 
22.0 

*21.7 


035 
035 
035 
025 
025 
031 


050 

055 
050 

055 
055 
053 


448  in  ID  minutes 
405  in  9  minutes 
404  in  9  minutes 
404  in  9  minutes 
404  in  9  minutes 


406  in  9  minutes 

405  in  9  minutes 

406  in  9  minutes 

405  in  9  minutes 

406  in  9   minutes 


*This  average  does  not  include  determination  2,  in  which  something  unaccountable  happened. 
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speed.  However,  there  was  a  variation,  and  consequently  it  was  thought 
best  to  obtain  a  still  more  uniform  speed  by  counting  for  a  longer  period, 
because  when  the  revolutions  per  minute  were  counted  it  was  Ukely 
that  a  one-half  or  a  three-fourths  turn  of  the  crank  might  be  counted 
as  a  full  revolution. 

The  tests  showed  a  higher  average  percentage  of  fat  in  cream  and  in 
skimmed  milk  at  the  lower  temperatures.     Greater  variation  was  shown 


TABLE  5. 


Separator  4.    Effect  of  Temperature  on  Tests  for  Fat 
in  Cream  and  Skimmed  Milk 


Temperature 


Determi- 
nation 


Cream 
test 

(per  cent) 


Skimmed 

milk 

test 
(per  cent; 


Revolutions  of  crank 


90**  F. 


75"  F. 


3 
4 

Average. 


I 

2 
3 
4 
5 
Average. 


28.0 

29  5 

30  o 
30.0 
30.0 
29  5 


.020 
.020 
.020 
.020 
.020 
.020 


495  in  9  minutes 
495  in  9  minutes 
495  in  9  minutes 

495  in  9  minutes 

496  in  9  minutes 


31  o 

31  o 

32  o 

30.5 
30.0 

30.9 


.025 
.030 
.020 
.025 
.020 
.024 


494  in  9  minutes 

495  in  9  minutes 
495  in  9  minutes 
495  in  9  minutes 
495  in  9  minutes 


TABLE  6. 


Separator  5.    Effect  of  Temperature  on  Tests  for  Fat 
IN  Cream  and  Skimmed  Milk 


Temperature 


Determi- 
nation 


Cream 

test 

(per  cent) 


Skimmed 

milk 

test 
(per  cent) 


Revolutions  of  crank 


90°  F. 


80*  F. 


I 

2 
3 
4 
5 
Average. 


I 

2 
3 
4 

Average. 


28.5 
29  5 
29.0 

29  5 

27  5 
28.8 


27.0 
32.0 
31.5 
30.5 
30.0 
30- 2 


.050 
.025 
.050 
.050 
.050 
•045 


.060 
.060 
.040 
.050 
.050 
.052 


600  in  10  minutes 
600  in  10  minutes 
600  in  10  minutes 
600  in  10  minutes 
600  in  10  minutes 


570  in  9J  minutes 
570  in  9i  minutes 
568  in  9J  minutes 
570  in  9J  minutes 
570  in  9i  minutes 
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in  separators  i  and  2  than  in  any  of  the  other  machines.  Himziker  ^ 
gives  the  reason  for  this  in  the  following  words:  **  The  warmer  the 
milk  the  more  fluid  it  becomes,  and  the  greater  the  freedom  with  which 
the  fat  globtdes  can  move  about.  The  more  fluid  the  milk  the  more 
complete  is  the  separation." 

The  lower  the  temperature  below  80®  or  85®  P.,  the  greater  is  the  loss 
of  fat  in  the  skimmed  milk.  Hunziker  adds  this  sentence  to  the  one 
just  quoted:  "  75**  F.  is  about  the  minimum  temperatiu-e  at  which 
most  separators  will  skim  closely."  The  data  in  these  tables  show 
that  70**  F.  was  too  low  a  temperature.     In  several  cases  the  cream  was 


90<»     80*     ?$• 
Sepantorl 


Se|»ntor2 


90"      80* 
Separators 


90«      75** 
Separator4 


Fig.  117. —  A  diagram  representing  percentage  of  fat  in  cream  as  influenced  by  the  tern* 
perature  of  the  whole  milk.     Temperatures  are  expressed  in  degrees  Fahrenheit 


1  Hunsiker,  O.  P.    The  hand  separator  and  the  gravity  systems  of  churning.     Purdue  Univ.  Agr.  Exp, 
Sta.    Bui.  zx6  :  360-361.     1906. 
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Fig.  1 1 8. —  A  diagram  representing  percentage  offal  in  skimmed  milk  as  influenced  by 
the  temperature  of  the  whole  milk.    Temperatures  are  expressed  in  degrees  Fahrenheit 


Hunziker  says  in  a  later  bulletin' :     "  At  90®  to 


'Skirrimtd- 
milk  :; 
Zt/At.   ' 


SO  rich  in  fat  that  it  clogged  the  separator,  thus  closing  the  passageways, 
and  this  resulted  in  a  low-testing  cream  as  noted  in  the  first  five  deter- 
minations in  table  i. 
95°  P.,  the  cream  con- 
tained 21.2  per  cent 
fat.  At  so**  to  60**  P., 
it  contained  33.9  per 
cent  fat."  In  these 
experiments  a  still 
greater  variation  was 
shown  on  one  machine 
when  there  was  a  dif- 
ference of  only  fifteen 
degrees. 

The  results  of  the 
experiments  on  tem- 
perature are  shown 
graphically  •  in  figures 
T17  and  118.  It  is 
apparent  that  certain 
types  of  separators 
are  affected  by  low 
temperatures     to     a 


Pig.  i  10. —  A  comparison  of  the  amounts  of  cream  from  one 
can  of  whole  milk  separated  at  different  temperatures.  The 
pounds  of  fat  in  the  whole  milk  and  in' each  pail  of  cream 
are  practically  the  same 


•Hunoker,  O.  P.     Why  do  cream  tests  vary? 
ter-fat  to  butter.    Purdue  Univ.  Agr.  Exp.  Su. 


Factors  affecting  richness  of  cream. 
Bui.  150  :  44.     X9ZX. 


Relation  of  but- 
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greater  extent  than  are  other  types.     It  is  also  true  that  there  may  be  a 
variation  in  the  test  caiised  by  the  individuality  of  the  machine. 

From  a  study  of  figure  117,  it  may  be  thought  that  there  is  an 
advantage  in  having  the  whole  milk  at  a  low  t«nperature  because  the 
cream  from  two  of  the  separators  contained  a  much  higher  percentage 
of  fat  than  when  the  temperature  was  normal.  However,  the  loss  of 
fat  in  skimmed  milk  was  comparatively  greater,  as  shown  in  figure  118. 
When  the  amount  of  fat  in  the  skimmed  milk  does  not  vary  greatly, 
the  amount  of  cream  from  a  certain  quantity  of  whole  milk  decreases 
in  direct  proportion  to  the  increase  of  the  amount  of  fat  in  the  cream. 
This  fact  is  clearly  brought  out  in  figure  119.  It  shotdd  be  noticed 
that,  as  shown  in  figure  119,  the  weight  of  the  fat  in  the  whole  milk 
and  in  all  three  pails  of  cream  was  approximately  the  same,  but  that 
there  was  a  distinct  variation  in  the  weight  of  the  cream. 

SPEED 

It  is  generally  imderstood  that  the  mechanical  separation  of  the  fat 
and  the  serum  in  milk,  which  differ  in  specific  gravity,  is  caused  by  centrif- 
ugal force.  This  force  is  produced  by  the  rapid  revolving  of  the  sepa- 
rator bowl.  Naturally,  the  greater  the  speed,  the  greater  is  the  centrifugal 
force  and  consequently  the  more  efficient  is  the  separation.  In  tables 
7  to  1 1  are  shown  data  relative  to  the  effect  of  various  rates  of  revolution 
on  the  percentage  of  fat  in  cream  and  in  skimmed  milk  from  different 
separators.  The  maximimi  speed  studied  in  these  experiments  is  that 
designated  on  the  crank  as  the  proper  one. 

In  the  study  of  the  effect  of  speed,  far  better  results  were  obtained  when 
the  count  was  made  for  the  entire  run  or  nearly  throughout  the  operation 
than  when  it  was  made  for  single  minutes,  because  it  was  difficult  to 
count  fractions  of  turns.  When  turning  for  several  minutes  it  was  possible 
to  lessen  the  rate  of  speed  or  to  increase  it,  as  the  occasion  might  require, 
in  order  to  have  very  nearly  the  proper  ntimberof  turns  at  the  end  of  the  run. 

The  speed  of  the  average  bowl  about  four  inches  in  diameter  is  9000 
revolutions  a  minute.  If  the  crank  is  turned  sixty  times  a  minute  the 
number  of  revolutions  of  the  bowl  for  one  turn  of  the  crank  is  1 50.  If  the 
operator  allows  the  crank  to  go  only  one-half  of  one  turn  less  than  the 
required  speed,  the  bowl  travels  75  turns  less  than  it  should.  In  terms 
of  linear  feet,  in  that  one-half  turn  lost  a  point  on  the  wall  of  the 
bowl  has  fallen  behind  about  80  feet.  When  it  is  considered  that  a  point 
on  the  circumference  of  a  cream  separator  bowl'  travels  at  the  rate  of 
nearly  two  miles  a  minute,  the  effect  of  a  slight  variation  of  speed  on  the 
centrifugal  force,  and  consequently  on  the  efficiency  of  skimming,  is 
obvious.    Fortunately,  the  speed  of  most  separators  is  so  rated  that 
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a  drop  of  eight  or  ten  turns  does  not  cause  as  much  loss  of  fat  in  the 
skimmed  milk  as  might  be  supposed.  Manufacturers  are  careful  not  to 
state  a  rate  of  speed  for  a  separator  that  will  give  results  just  above  the 
border  line  of  poor  separation.  If  the  instructions  given  by  manufacturers 
are  followed  carefully,  the  separation  will  be  thorough;  the  fact  is,  how- 
ever, that  the  rate  of  speed  may  drop  several  htmdred  revolutions  of 
the  bowl  below  the  number  designated  for  correct  speed,  and  still  the 
skimmed  milk  wiU  contain  approximately  the  same  percentage  of  fat 
as  when  the  bowl  is  revolving  at  the  so-called  normal  speed.  In  the  case 
of  hand  separators  this  amounts  to  five  or  ten  revolutions  of  the  crank 
less  than  the  nxmiber  given  for  normal  speed.  It  is  true  that  the  test 
of  the  cream  is  much  lower,  but  this  does  not  mean  a  k>ss  of  fat,  for  the 


TABLE  8.    Separator  2. 


Effect  of  Speed  on  Tests  for  Pat  in  Cream 
AND  Skimmed  Milk 


Deter- 
mi- 
nation 

Revolutions  of  crank 

Cream 
test 
(per 
cent) 

Slnmmed 

milk 

test 
(per  cent) 

Revolutions  of 
crank 

Cream 
test 
(per 

cent) 

milk 

test 

(percent) 

I 

2 

3 

4 

s 

240  in  4  minutes  =  60  per  minute 
240  in  4  minutes  =  60  per  minute 
240  in  4  minutes  ^  60  per  minute 
240  in  4  minutes  ^  6c  per  minute 
240  in  4  minutes  =  6g  per  minute 

28.0 
28.0 
28.0 
28.0 
28. s 

.050 
.020 
.030 
.040 
.040 

35X  in  7  minutes  = 
50.14  per  minute 

350  in  7  minutes  = 
50  per  minute. . . 

350  in  7  minutes  = 
50  per  minute. . . 

351  in  7  nunutes  = 
50.  Z4  per  minute 

3SO  in  7  minutes  = 
50  per  minute... 

28.0 
28.0 
27.5 
27.0 
27. S 

.040 
.030 
.045 
.040 
.050 

Average 

28.1 

.036 

27.6 

.041 

TABLE  9.    Separator  3.    Effect  of  Speed  on  Tests  for  Pat  in  Cream 

AND  Skimmed  Milk 


Deter- 
mi- 
nation 

Revolutions  of  crank 

Cream 
test 
(per 

cent) 

wJcuoxmccL 

mOk 

test 
(per  cent) 

Revolutions  of 
crank 

Cream 
test 
(per 

cent) 

milk 
test 

(per  cent) 

I 

448    in    10   minutes  =  44.8 
minute 

per 

21. 0 
21.0 
21.0 
21.0 
21.5 

.035 
^035 
.035 
.025 
.035 

341  in  9  minutes  = 
37.89  per  minute 

342  in  9  minutes  = 
38  per  minute. . 

342  in  9  minutes  =: 
38  per  minute... 

342  in  9  minutes  as 
38  per  minute... 

381  in  lominutessB 
38.1  per  minute 

ax.o 
ao.o 
az.o 
21. 0 

21.5 

.060 

2 

405    in    9    minutes    ^    45 
minute 

per 

.080 

3 

404   in   9   minutes  =  44. 89 

minute 

per 

.070 

4 

404    in   9   minutes  =  44 .  89 
minute 

per 

.075 

5 

404   in   9   minutes  =  44  ■  89 
minute                   

per 

.060 

Average. . 

21. 1 

.033 

20.9 

.069 
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TABLE  10.    Separator  4.    Effect  of  Speed  on  Tests  for  Pat  in  Cream 

AND  Skimmed  Milk 


Deter- 
mi- 
nation 

Revolutions  of  crank 

test 
(per 
cent) 

dlCUXlXQGu 

milk 

test 

(per  cent) 

Revolutions  of 
crank 

Cream 
test 
(per 
cent) 

Skimmed 

milk 

test 
(per  cent) 

I 

495  .  in     9     minutes  =  55 
minute 

per 

28.0 
29.5 
30.0 
30.0 
30.0 

.020 
.020 
.020 

.020 
.020 

405  in  9  minutes  =» 
45  per  minute... 

407  in  9  minutes  = 
45  -22  per  minute 

361  in  8  minutes  = 
45.12  i)er  minute 

406  in  9  minutes  = 
45*11  per  minute 

405  m  9  minutes  = 
45  per  minute... 

28.0 
28.0 
27.3 
27.5 
27.0 

.030 
.030 
.030 
.030 
.035 

2 

495     in     9     minutes  =  55 
minute. ,,,.... t , ...... . 

per 

3 

495     in     9     minutes  =  55 
minute 

per 

4 

495  .  in     9     minutes  :=  55 
minute 

per 

5 

496   in   9  minutes :=  55- XI 
minute 

per 

Average. . 

29.5 

.oao 

27.6 

.031 

TABLE  II.    Separator  5.    Effect  of  Speed  on  Tests  for  Fat  in  Cream 

AND  Skimmed  Milk 


Deter- 
mi- 
nation 

Revolutions  of  crank 

Cream 
test 
(per 
cent) 

milk 
^    test 
(per  cent) 

Revolutions  of 
crank 

Cream 
test 

(per 
cent) 

test 
(per  cent) 

I 

600    in    xo    minutes  =  60    per 
minutp ■  r . , 

28.5 
29.5 
29.0 
29. 5 

27.5 

.950 
.025 
.050 
.050 
050 

475  in  9i  minutes= 

50  per  minute. . . 
500  in  xo  minute8= 

5C  per  minute.. . 
500  in  10  minute^= 

50  per  minute. . . 
500  in  10  minutes^ 

50  per  minute... 
500  in  10  minute8= 

50  per  minute. . . 

23.0 
23.0 
23  0 
23.0 
23.0 

060 

2 

600    in     xo    minutes  =  60    per 
minute. ..... 

.050 

3 

600    in    10    miniite8  =  6o    per 
minute. 

.050 
.040 

4 

600    in     10    miQutes  =  6o    per 
minute 

5 

600    in     10    minutes  =  60    per 
minute 

.050 

Average. . 

28.8 

.045 

23.0 

.050 

amount  of  cream  from  a  given  quantity  of  milk  is  proportionately  greater. 
In  figiire  120  attention  is  called  to  the  amount  of  cream  that  may  be 
obtained  from  a  can  of  whole  milk  when  separated  at  different  rates 
of  speed.  At  sixty  revolutions  of  the  ca-ank  there  were  10.75  pounds  of 
cream  testing  approximately  30.5  per  cent  fat;  at  fifty-four  revolutions 
there  were  14  potmds  of  cream  testing  about  23.5  per  <}ent  fat;  at  fifty 
revolutions  the  amount  of  cream  in(3reased  to  15.5  pounds  and  the  test 
dropped  to  a  little  over  21  per  cent  fat. 

Himziker '  shows  the  effect  of  a  greater  variation  of  speed.  He  foimd  that 
at  normal  speed  the  cream  tested  44  per  <}ent  fat ;  at  about  twenty-five  turns 
of  the  crank  less  the  cream  tested  11  per  cent  fat;  and  at  about  twenty-five 
turns  of  the  crank  more  the  cream  tested  63  per  cent  fat.     Naturally, 

sHunsiker,  O.  P.     Why  do  cream  tests  vary?    Factors  affecting  richness  of  cream.    Relation  of  buttas- 
fat  to  butter.     Purdue  Univ.  Agr.  Exp.  Sta.     Bui.  150.     19x1. 
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at  these  more  extreme  rates  of  speed  there  was  a 


50  reyoftjt/ons 


Fig.  120. —  A  comparison  of  the  amounts  of  cream  from 
one  can  of  whoU  milk  separated  at  different  rates  of 
speed.  The  pounds  of  fat  in  the  whole  milk  and  in  each 
pail  of  cream  are  practically  the  same 


greater  variation  in  the 
tests  of  the  skimmed 
milk  and  the  consequent 
greater  loss  of  fat  than 
there  was  found  in  these 
experiments. 

The  results  of  the 
experiments  as  to  the 
effect  of  speed  are 
shown  graphically  in 
figures  121  and  122. 
Here,  as  in  the  case  of 
the  effect  of  tempera- 
ture, the  influence  of  in- 
dividuality of  machine 
or  type  of  separator  is 
very  noticeable,  either 
in  the  percentage  of  fat 
in  the  cream  or  in  the 
percentage  of  fat  in  the 
skimmed  milk. 


45     38 
Separators 


55       45 

Separator4 


60       50 

Separators 


60      54       50  60       so 

Separator  1  Separator  2 

Fig.  121. —  A  diagram  representing  percentage  of  fat  in  cream  as  influenced  by  the  number 
of  revolutions  of  the  separator  crank  per  minute 
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Peiw 
cent-, 
age 


.08- 
.06 
.04. 
.02 
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RevclutiooB 


AS        38 
SepantorS 


55       45 
Se|»ntor4 


60       50 

Sepvator  5 


60       54       50  60       50 

Separator  1  Separator  2 

Fig.  122. —  A  diagram  representing  percentage  of  fat  in  skimmed  milk  as  influenced  by 
the  number  of  revolutions  of  tfi  separator  crank  per  minute 


rate  of  inflow 

The  rate  of  flow  of  whole  milk  into  the  separator  bowl  is  variable  even 
if  the  separator  is  supplied  with  a  float  —  which  is  a  device  to  regulate 
the  inflow.  The  results  of  a  study  of  this  factor  on  separator  i  are  re- 
corded in  table  12: 


TABLE  12.    Separator  i.    Effect  of  Rate  of  Inflow  of  the  Whole  Milk  on 
Tests  for  Fat  in  Cream  and  Skimmed  Milk 


Tank  fuU 

Tank  half  full 

.  Tank  almost  empty 

Deter- 
mination 

Cream 

test 
(per  cent) 

Skimmed 
milk  test 
(per  cent) 

Cream 
.     test 
(per  cent) 

Skimmed 
milk  test 
(per  cent) 

Cream 

test 

(per  cent) 

Skimmed 
milk  test 
(l>er  cent) 

I 

25.0 

25-5 
25.0 

255 
24  5 
26.5 
24.0 

25-5 
24.0 
25.0 
28.0 
25.0 

.010 
.020 
.020 
.030 
.030 
.015 
.015 
.020 
.015 
.010 
.020 
.020 

16.0 

255 
21.5 
26.5 
255 
28.5 

28.0 
25.0 
25.0 
27.5 
26.5 
23.0 

.015 
.030 
.020 
.020 
.030 

•015 
.015 
.020 
.010 

015 
.020 
.020 
.050 

28.0 
26.0 
20.0 
26.5 
26.0 
30.0 

30.5 
29.0 
29.0 
29.0 

33  0 
30.0 

26.5 

.015 

2 

3 

A 

.030 
.030 
.020 

C 

.020 

6 

7 

020 
.020 

8 

.020 

Q 

.015 
.020 
.020 

10 

II 

12 

.020 

13 

Average. . . . 

30.0  1           .020 

.020 

25.6             .019 

1 

25.0 

.021 

28.0 

.021 

The  lack  of  unif omfity  of  the  tests  from  one  determination  to  another 
is  probably  due  to  the  variation  of  speed.  It  should  be  noted  that  the 
percentage  of  fat  in  the  cream  was  practically  the  same  when  the  tank 
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was  full  as  when  it  was  only  half  full,  and  that  when  the  tank  was  almost 
empty  there  was  an  increase  in  the  fat.  This  increase  is  probably  due 
to  the  smaller  inflow  of  milk  into  the  bowl.  It  seems  evident  that  the 
float  regulates  the  flow  with  considerable  accuracy  when  the  tank  has 
sufiicient  milk  in  it  to  buoy  up  the  float.  The  percentage  of  fat  in  the 
skimmed  milk  was  not  noticeably  variable. 


PERCENTAGE   OF   FAT   IN   WHOLE   MILK 

The  percentage  of  fat  in  whole  milk  is  not  constant.     The  milk  from 

a  single  cow  may  var>''  as  much  as 
three  per  cent  from  one  milking  to 
another.  Natiu'ally,  the  variation 
in  the  test  of  the  milk  from  a  herd 
is  not  so  great  as  in  that  from  the 
individual  cows.  The  larger  the 
herd,  other  things  being  equal,  the 
smaller  is  the  variation.  It  is  true 
also  that  the  difference  in  test  from 
day  to  day  is  not  so  great  as  from 
milking  to  milking,  and  this  varia- 
tion is  still  less  from  week  to  week 
and  from  month  to  month.  Tests 
of  herd  samples  of  milk  for  four 
consecutive  milkings  are  shown  in 
table  13.  It  will  be  noticed  that 
there  were  from  six  to  fifteen  cows 
in  these  herds. 


percentage    3  4  5  3         4         5 

Separator  1  Separator  2 

Pig.  123. —  A  diagram  representing  the  per- 
centage of  fat  in  cream  as  influenced  by  the 
percentage  of  fat  in  whole  milk.  The  figures 
at  the  left  of  the  diagram  represent  percentage 
of  fat  in  cream,  and  those  underneath  represent 
percentage  of  fat  in  whole  milk 


Pfercentage 


3  4  5 

Peparat  r  2 


Fig.  124. —  A  dihgram  representing  the  per- 
centage of  fat  in  skimmed  milk  as  influenced 
by  the  percentage  of  fat  in  whole  milk.  The 
figures  at  the  left  of  the  diagram  represent  per- 
centage of  fat  in  cream,  and  those  underneath 
represent  percentage  of  fat  in  whole  milk 
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TABLE  13. 


Variation  in  Tests  of  Herd  Milk  from  One  Milking  to 
Another 


Ntmiber 
of  cows 

Percentage  of  fat  in 

Herd 

First 
milking 

Second 
milking 

Third 
milking 

Fourth 
milking 

I              

15 
10 
12 
14 

8 

8 

6 

10 

4-9 
4.4 
3.4 
3.9 
3.2 

U 

4.4 
3-3 

A. 7 
4-7 
4.5 
3.6 

a 

4.1 
'      4.3 

5.2 
4.7 
3-3 
4.3 
3.3 
4.0 

5-2 

4.2 
30 

5.5 

2 

4-3 

1              

4-3 

A 

4.5 

*T 

C                                      

4.1 

6                

4.8 

7       

4-7 

8                

4-1 

0        

3.7 

The  variations  from  one  milking  to  the  next,  as  shown  in  the  table, 
are  not  great;  nevertheless  they  are  important  in  these  studies.  The 
relationship  of  the  test  of  the  whole  milk  to  that  of  the  cream  is  shown 
in  tables  14  and  15  (page  772). 

The  results  of  the  experiments  of  the  relation  of  the  percentage  of  fat 
in  the  whole  milk  to 
that  in  the  cream  are 
shown  in  figures  123 
and  124.  It  should 
be  noted  that  the  per- 
centage of  .fat  in  the 
cream  is  very  nearly 
proportional  to  that 
in  the  whole  milk. 
It  seems  that  the  test 
of  the  skimmed  milk  is 
affected  differently  by 
the  two  types  of  sepa- 
rators used.  In  figure 
125  it  is  interesting  to 
note  that  even  though 
the  percentage  of  fat  in 
the  cream  is  variable, 

the  quantity  of  cream  ^'^*  ^^5- — ^  comparison  of  the  amounts  of  cream  from  one 
^  ^  can  of  whole  milk  containing  different  percentages  of  fat. 

The  amount  of  cream  is  practically  the  same  for  all  pails 


Mt/k  fest/ng  S% 


is    almost     constant. 
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variation  in  the  quantity  of  whole  milk,  or  in  the  amount  of 
liquid  used  for  flushing 

There  is  a  variation  in  the  quantity  of  milk  from  one  milking  to 
another,  and  this  causes  a  variation  in  the  amotmt  to  be  separated 
from  one  time  to  another.  In  these  experiments  one  can  of  milk 
weighing  83  pounds  was  considered  the  average  amount  for  separation, 
and  the  variations  amounted  to  15  pounds  less  than  83  pounds  and  15 
pounds  more  than  83  pounds.  In  table  16  are  shown  the  results  of  the 
study  of  this  factor.  These  figures  indicate  that  the  different  quantities 
of  whole  milk  affect  only  slightly  the  percentage  of  fat  in  the  cream. 

Very  few  persons  operating  separators  use  a  fixed  amount  of  skimmed 
milk  or  of  water  for  flushing  the  separator  bowl.  For  hand  machines 
two  or  three  quarts  of  flushing  liquid  are  sufficient.     The  results  of  a 


TABLE  16. 


Separator  i.    Effect  of  Different  Quantities  of  Whole  Milk  on 
Tests  for  Fat  in  Cream  and  Skimmed  Milk 


68  pounds  whole  milk 

83  pounds  whole  milk 

98  pounds  whole  milk 

Deter- 
mination 

Cream 

test 

(per  cent) 

Skimriied 
milk  test 
(per  cent) 

Cream 

test 
fper  cent) 

Skimmed 
milk  test 
(per  cent) 

Cream 

test 

(per  cent) 

Skimmed 
milk  test 
(per  cent) 

I 

26.5 
29.0 
23.0 

24  5 
29.0 
27.0 

27.5 

.020 
.020 
.030 
.040 
.030 
.025 
.020 

30.0 
29.0 

245 
23.0 

29  5 
26.5 
22.0 

.020 
.020 

035 
.030 
.025 
.020 
.020 

29  5 
27.0 
28.0 
26.0 
28.5 
28.0 

23  5 

.020 

2 

.020 

'I 

.020 

A 

.030 

K 

.025 

6    

.0";o 

7 

.030 

Average 

26.6 

.026 

26.3 

.024 

27.2 

.025 

TABLE  17.    Separator  4.    Effect  of  Different  Quantities  of  Skimmed  Milk 
Used  for  Flushing  the  Bowl  on  Tests  for  Fat  in  Cream 


Percentage  of  fat  in  cream  when 
bowl  is  flushed  with 

Determination 

One 

guart  of 

skimmed 

milk 

Three 

quarts  of 

jydmmed 

milk 

Five 
quarts  of 
skimmed 

milk 

I 

30.0 
29.0 
29.0 
28.0 
29.0 

28.0 
29.0 
28.5 
28.0 
28.0 

27.0 

2 , 

27.5 

■1 

27.0 

A V 

27.0 

s 

27.5 

Average 

29.0 

28.3 

27.2 
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study  of  this  subject  are  found  in  table  17.  This  table  shows  that  the 
amount  of  flushing  liquid  that  goes  into  the  cream  is  only  a  small  pro- 
portion of  the  total,  and  it  affects  only  slightly  the  percentage  of  fat  in 
the  cream« 


SLIMB   DEPOSIT 


There  is  always  more  or  less  slime  deposited  on  the  inside  of  the 
separator  bowl  and  on  its  accessories.  When  the  passages  become  com- 
pletely clogged,  the  machine  cannot  effect  satirfactory  separation.  The 
extent   of   this  inefficiency  is  shown  in    tables    18   and  19.     For    the 


TABLE  18. 


Separator  i.    Effect  of  Slime  Deposit  in  the  Bowl  on  Tests  for 
Pat  in  Cream  and  Skimmed  Milk 


Study  I 

Study  2 

Study  3 

Sample 

Cream 

test 

(per  cent) 

Skimmed 
milk  test 
(per  cent) 

Cream 

test 

(per  cent) 

Skimmed 
milk  test 
(per  cent) 

Cream 

test 
(per  cent) 

Skimmed 
milk  test 
(per  cent) 

I 

27.0 
28.0 
28.0 
28.0 
30.0 

31  5 
32.0 

.020 
.020 
.020 
.020 
.020 
.020 
.020 

27.0 
26.5 
29.0 
30.0 
30.0 
31.0 
310 
34  0 

.015 
015 
.020 
.020 
.020 
.015 
.015 

27-5 
275 
28.0 

31  5 
30.0 
31  0 
31  0 
32.5 

.020 

2 

t 

015 
.015 

A 

015 
.020 

S 

6 

.020 

7 

.CIS 

8 

.020 

Composite. . 

29.0 

30.0 

30.0 

TABLE  19. 


Separator  2.    Effect  of  Slime  Deposit  in  the  Bowl  on  Tests  for 
Pat  in  Cream  and  Skimmed  Milk 


Study  I 

Study  2 

Study  3 

Sample 

Cream 

test 

(per  cent) 

Skimmed 
milk  test 
(per  cent) 

Cream 

test 

(percent) 

Skimmed 
milk  test 
(per  cent) 

Cream 

test 

(per  cent) 

Skimmed 
milk  test 
(per  cent) 

!....• 

28.0 
28.0 
28.0 
28.0 
28.5 
28.0 

.050 
.020 
.030 
.040 
.040 
■.040 

30.0 
28.0 
29.0 
28.5 
28.5 
29.0 

.015 

.015 

.025 

.025. 

.030 

.030 

25.5 
28.5 
28.0 

26.5 
26.5 
27.0 
27.0 

.030 

2 

.030 

\ 

.040 

A 

.040 

•t 

C 

.OdO 

i: ;:::::;:.: 

•045 

7 

.050 
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studies  shown  in  table  18,  three  cans  of  milk  of  forty  quarts  capacity 
were  used  and  the  samples  were  taken  every  three  minutes.  For  the 
studies  shown  in  table  19,  four  cans  of  the  same  size  were  used  and  the 
samples  were  taken  every  four  minutes. 

It  appears  from  the  test  of  the  skimmed  milk  that  the  separator  con- 
tinues to  do  efficient  work  even  when  a  fairly  heavy  deposit  has  formed. 
It  is  noticeable  that  the  last  sample  of  cream  in  each  study  recorded  in 
table  18  tested  a  little  higher  than  the  preceding  ones.  This  is  probably 
due,  not  to  the  slime  deposit  in  the  bowl,  but  to  the  small  inflow  of  whole 
milk  when  the  tank  was  nearly  empty.  The  composite  samples  were 
taken  from  the  cans  at  the  completion  of  the  entire  operation.  In  the 
tests  recorded  in  table  19  the  percentage  of  fat  in  the  cream  remained 
fairly  constant,  but  in  studies  2  and  3  there  was  a  slight  increase  in  the 
percentage  of  fat  in  the  skimmed  milk. 

summary 

1.  The  percentage  of  fat  in  cream  and  in  skimmed  milk  from  sepa- 
rators I  and  2  was  affected  by  low  temperatures  to  a  greater  extent 
than  was  that  from  the  other  three  types  of  separators. 

2.  The  tests  of  the  cream  from  separators  i  and  5  were  distinctly 
variable  when  there  was  a  difference  of  ten  revolutions  of  the  crank  per 
minute.  The  other  separators  were  not  so  affected.  The  variation  of 
ten  turns  of  the  crank  did  not  materially  affect  the  percentage  of  fat  in  the 
skimmed  milk. 

3.  There  is  a  slight  increase  in  the  test  of  the  cream  when  the  inflow 
of  milk  is  small. 

4.  The  percentage  of  fat  in  cream  is  in  ahnost  direct  proportion  to  that 
in  the  whole  milk. 

5.  The  variation  in  the  amount  of  whole  milk  or  of  the  liquid  used  for 
flushing  does  not  cause  an  appreciable  difference  in  the  percentage  of  fat 
in  the  cream. 

6.  The  slime  deposit  does  not  materially  affect  the  tests  of  the  cream 
and  the  skimmed  milk  until  there  is  so  much  that  the  passages  in  the 
bowl  become  clogged. 
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THE  HOME  GROUNDS 

PARTI 
ARRANGEMENT  OF  THE  HOME  GROUNDS 

E.  G.  Davis 

No  more  varied  or  more  inspiring  scenery  exists,  the  world  over,  than 
in  our  own  cotmtry.  With  such  a  beautiful  background  one  would  think 
our  city  or  our  country  life  would  necessarily  have  an  ideal  environment. 
But  the  generosity  of  nature  has  in  most  instances  served  only  to  make 
us  wasteful  and  we  have  not  conserved  this  scenic  wealth.  Fiuther,  this 
wealth  has  tended  to  make  us  undervalue  beauty  in  our  surroundings, 
to  neither  seek  to  attain  it  nor  carefully  preserve  it  when  we  are  tmder 
the  necessity  of  making  great  changes  of  grade,  erecting  buildings,  or 
otherwise  altering  our  surroundings.  We  destroy  fine  trees;  we  desecrate 
the  sacredness  of  mossy  glades;  we  break  old  ttirf  and  leave  bare  day 
banks;  we  start  to  build  fine  lawns,  begrudge  ample  preparation  for  them, 
and  then  trample  their  edges  and  cut  them  with  footpaths. 

Residents  in  a  country  such  as  our  own,  which  is  in  a  continually  un- 
settled condition  and  in  some  sections  is  still  growing  rapidly,  are  likely 
not  to  find  time  to  beautify  their  surroundings.  In  many  cases,  in  the  haste 
to  locate  and  erect  buildings,  to  lay  out  drives  and  walks,  to  grade,  and 
in  general  to  attain  a  settled  condition  about  land  newly  adapted  to 
present-day  use,  mistakes  are  made  which  later  cannot  easily  be  undone. 

In  the  early  history  of  this  country  much  attention  was  paid  to  both 
the  arrangement  and  the  beautifying  of  residences,  as  the  Colonists  had 
but  just  come  from  an  environment  where  the  beautiful  home  was  the 
rule  rather  than  the  exception.  From  the  cottager  to  the  great  land- 
owner, all  had  their  gardens  and  beautiful  surroundings  according  to 
their  scale  of  living.  The  early  settler,  in  starting  to  search  for  a  new 
home,  necessarily  took  only  his  most  valued  personal  belongings;  but 
seeds  from  the  garden  that  had  long  been  the  brightest  spot  in  his  life 
were  seldom  forgotten.  In  the  struggle  that  followed  for  a  new  national- 
ism, however,  colonial  life  and  all  that  was  a  part  of  it  was  largely  for- 
gotten. 

In  recent  years  there  has  been  an  awakening  of  interest  in  the  embel- 
lishment of  our  homes,  along  with  the  betterment  of  the  general  conditions 
of  our  living.  We  have  begun  to  realize  that  the  dollars  we  are  making 
are  only  a  means  to  an  end,  not  the  sole  object  in  life.  Few  of  us,  how- 
ever, have  come  to  realize  that  many  of  the  real  pleasures  for  which  we 
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live  do  not  require  dollars  or  increased  incomes.  This  may  apply  to  the 
beautiful  surroundings  of  our  homes,  simple  though  they  may  be. 

The  improvement  of  home  environment  is  to-day  desired  and  attempted 
by  many  persons,  perhaps  with  indifferent  success  at  first.  The  man 
of  sufficient  wealth  may  seek  the  professional  advice  of  a  landscape  archi- 
tect with  the  possibility  of  a  greater  degree  of  immediate  success.  But  the 
face  of  our  country  will  be  changed  to  a  cultivated  and  beautiful  one 
only  when  the  interest  in  such  matters  becomes  universal.  Homes,  lawns, 
and  gardens  everywhere,  whether  they  are  large  or  small,  whether  belong- 
ing to  the  rich  or  to  the  poor,  all  require  the  touch  of  the  interested 
individual;  with  such  interest  and  ensuing  effort  and  enthusiasm,  a  beauti- 
ful result  must  follow.  All  art  has  sprung  from  such  inspired  desire 
and  enthusiastic  effort;  so  must  come  our  art  of  gardening. 

Now  one  may  see  on  every  side  the  evidence  of  growing  and  wide- 
spreading  interest  in  landscape  work,  and  its  possibilities  as  applied  to 
rural  homes  as  well  as  to  towns  and  cities.  It  is  the  purpose  to  state 
in  this  publication  some  elemental  principles,  and  to  furnish  concrete 
directions  that  may  be  of  help  in  rural  betterment. 

Nothing  was  ever  made  beautiful  by  decoration  alone.  If  the  settings 
of  our  homes  are  not  pleasing  in  their  bare  simplicity,  they  are  little 
better  for  any  kind  of  embellishment. 

Fundamental  to  the  good  appearance  of  a  dooryard  is  the  reasonable 
arrangement  of  all  that  is  a  part  of  it.  The  same  principle  applies  to 
a  farmstead,  to  a  village  lot,  or  to  a  room  in  the  house;  there  is  a  given 
area,  with  various  essentials  to  be  arranged  within  it.  If  there  is  order 
within  the  area  its  size  is  apparently  greater  than  if  there  is  disorder. 
This  order  consists  partly  in  the  placing  of  the  various  objects — house, 
roads,  walks,  outbuildings,  and  lawns  —  in  situations  suitable  for  them; 
and  they  are  not  suitably  placed  if  they  are  not  placed  with  some  relation 
to  their  use.     Therefore  the  first  considerations  are  of  a  practical  nature. 

THE   HOUSE 

Location 

The  most  important  of  all  objects  to  be  placed  on  the  home  grounds 
is  the  house.  The  location  of  the  house  largely  determines  the  division 
of  the  surrounding  land  for  its  various  uses.  Let  us  consider,  for  example, 
several  possible  locations  for  a  house  on  a  small  area  of  level  ground, 
as  in  a  village. 

A  house  placed  at  a  reasonable  distance  from  the  street  and  midway 
between  the  side  boundaries  of  the  lot  is  shown  in  diagram  in  figure  126. 
The  area  immediately  outside  the  kitchen  belongs  to  the  uses  of  that  part 
of  the  house,  and  may  be  considered  as  a  cleaning  and  laundry  yard. 
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If  there  is  a  stable  or  a  garage  it  should  be  in  this  vicinity;  likewise  many 
of  the  small  outbuildings  usual  or  necessary  on  a  farm.  Thus  all  things 
pertaining  to  the  useful  and  necessary  management  of  the  home  are 
placed  in  this  area,  and  therefore  it  is  usually  called  the  service  area. 

The  room  in  which  leisure  hours  are  spent,  now  called  the  living  room, 
should  command  the  best  parts  of  the  grounds,  and  good  distant  views 
if  such  are  available. 

It  necessarily  follows  that  the  areas  outside  and  in  view  of  the  windows 
of  the  living  room  should  be  of  such  a  nature  as  to  make  them  easy  of 


Fig.  126. —  Diagram  showing  house 
placed  in  center  of  a  lot's  frontage. 
Dy  dining  room;  A,  kitchen;  L,  liv- 
ing  room 


Fig.  127. —  Diagram  of  a  simple 
landscape  development  of  the  ground 
plan  shown  in  figure  126 


development  in  lawn  and  border,  and  easy  of  decoration  with  trees  and 
gardens.  Therefore  it  is  evident  that  the  arrangement  of  the  rooms 
inside  the  house  largely  determines  the  uses  of  the  land  outside.  A  simple 
landscape  development  built  on  the  plan  offered  in  figure  126  is  illus- 
trated in  figure  127. 

By  a  study  of  this  plan  it  is  found  that  there  is  more  space  for  a  laundry 
yard  and  like  ptuposes  than  is  needed,  and,  on  the  other  hand,  the  lawns 
and  the  gardens  are  unfortunately  restricted;  and  one  cannot  but  think 
how  much  more  fortunate  a  division  of  land  wovdd  be  possible  if  the 
Jdtchen  side  of  the  house  were  nearer  its  boundary.    A  house  so  placed  on 


Digitized  by  VjOOQ IC 


782 


Bulletin  361 


its  lot  as  to  give  greater  expanse  of  ground  from  the  living  room  than  from 
the  kitchen  is  shown  in  figure  128;  and  from  figiu'e  129  it  is  readily  seen 
that  a  much  better  plan  may  be  developed  with  this  location  of  the  house. 

In  New  Yoii,  and  generally  throughout  the  United  States,  it  may  be 
said  that  the  best  prospects  from  a  house  are  usually  toward  the  southeast, 
the  south,  and  the  southwest.  For  this  reason  the  best  rooms  and  the 
pleasure  grounds  should  be  toward  the  south,  while  the  kitchen  and 
the  service  yards  may  be  placed  toward  the  north. 

The  area  in  front  of  a  house  and  between  it  and  the  public  road  is 
usually  more  open  and  less  secluded  than  the  side  lawns.     This  is  really 


Fig.  1 28. — Diagram  showing  house  placed 
toward  side  of  lot,  in  order  to  give  greater 
expanse  of  ground  on  living-room  side 


Fig.  129. —  Development  of  ground  plan 
shown  in  figure  128 


the  setting  of  the  house  as  seen  from  the  road;  therefore  this  part  of  the 
grounds  serves  mainly  as  a  suitable  foreground  to  the  house.  Toward 
whatever  point  of  the  compass  the  outlook  of  the  entrance  side  of  the  house 
happens  to  be,  it  does  not  pay  to  be  too  generous  with  the  land  in  this 
quarter  beyond  the  amount  that  is  needed  to  make  a  good  appearance. 
Referring  again  to  the  simple  example  of  a  small  and  comparatively 
level  lot,  it  can  be  seen  that  a  desirable  relation  of  the  areas  in  service 
yard,  public  lawn,  and  private  lawns  and  gardens  may  be  retained,  no 
matter  toward  which  point  of  the  compass  the  house  faces.  .  (See  figures 
130*  131,  132,  and  133.) 
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Fig.  130. —  Suggested  arrangement  when 
the  lot  faces  west 


Pig.  131. — Suggested  arrangement  when 
the  lot  faces  south 


Pig.  132. —  Suggested  arrangement  when 
the  lot  faces  east 


Pig.  133. — Suggested  arrangement  when 
the  lot  faces  north 
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Fig.  134. —  The  type  of  view  which  suggests  that  a  house  should  he  so  faced  as  to  com- 

tnaim  such  an  outlook 


Fig.  135. —  The  sort  of  vista  which  invites  thz  facing  of  a  house  to  take  advantage  of  it 
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There  are  other  considerations  that  may  affect  the  placing  of  a  house 
on  a  larger  property  and  on  land  of  considerable  irregularity  in  topog- 
raphy. For  example,  in  most  cases  a  house  is  placed  on  higher  ground 
than  that  immediately  around  it,  which  permits  the  house  to  command 
the  immediate  surroundings,  while  the  ground  at  a  distance  may  either 
rise  or  fall  without  detriment  to  the  outlook.  Further,  in  any  choice 
of  site  much  depends  on  the  availability  of  good  locations  for  roads  and 
walks,  and  on  the  ease  and  convenience  of  constructing  them.  In  many 
cases  good  views  suggest  the  facing  of  a  house.  (See  figures  134,  135, 
and  136.) 

While  many  considerations  may  bear  on  the  selection  of  house  sites, 
and  while  the  variety  of  conditions  is  as  great  as  the  number  of  different 


'^'^^m~^^^ 


Fig.  136.- 


The  kind  of  outlook  which  should  settle  at  once  the  question  0}  placing  a 
house  in  relation  to  the  view 


properties,  in  many  instances  the  problems  may  be  solved  if  they  are 
approached  from  points  of  view  already  set  forth. 

Type  of  house 
In  speaking  of  houses  a  good  word  must  be  said  for  the  style  of  cottage 
that  was  prevalent  fifty  years  ago,  with  its  low,  spreading  proportions. 
Even  where  the  high  price  of  land  limits  the  frontage,  as  in  suburban 
communities,  and  forces  the  building  of  a  narrow  house  (Fig.  137),  there 
is  small  justification  for  such  houses;  but  in  the  ample  room  furnished 
by  the  open  country  there  is  no  justification  at  all  for  them  (Figs.  138 
and  139).  A  comparison  of  the  two  types  shown  in  these  illustrations 
is  sufficient  to  convince  the  reader  of  the  desirable  quaHties  of  the  house 
with  the  more  spreading  proportions.  Happily,  there  is  a  tendency  to 
50 
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return  to  the  low  proportions  in  the 
so-called  btmgalow  of  to-day;  but 
that  particular  style  of  building  was 
intended  for  other  climates  and 
countries,  while  the  colonial  cottage 
of  either  brick,  stone, -or  wood  was 
purely  a  product  of  local  conditions 
and  manners  of  living  (Fig.  138). 

The  use  of  masonry  is  rapidly  be- 
coming popular  for  small  houses,  and 
it  should  supersede  less  permanent 
materials.  The  man  who  is  building 
for  himself,  if  he  wishes  to  build  most 

permanently  and  economically,  should 
Fig.  137. — The  narrow  house — abadtype  •      ^t.  n      -r        ^   /> 

0/  uwr*./i«c     U.UUU.  yy    ^^  masoiuTy  m  the  waUs,  if  not  for 

the  floors  as  well.  While 
the  use  of  either  brick, 
stone,  or  hollow  tile 
and  plaster  will  add  from 
twenty  to  twenty-five  per 
cent  to  the  first  cost,  this 
will  soon  be  repaid  in  the 
saving  of  upkeep,  insur- 
ance, and  coal  bills. 

A  new  house  of  fair  pro- 
portions,   but    displaying 
poor  architecttiral   detail, 
is  shown  in  figure  140.     It     Fig.  138. — A  desirable  type  of  house,  with  low,  spread- 
has  a  fanciful  division  of  '""^  proportions 

window  sash  into  small 
panes,  a  poor  treat- 
ment of  dormer  win- 
dows in  the  roof,  and 
dark-colored  lintels 
and  sills.  Worst  of  all 
is  the  poorly  disguised 
imitation  of  stone  in 
the  cement  block  used. 
If  cement  block  is  de- 
sired it  should  appear 
as  such,  not  mas- 
FiG.  I39-— ^  good  colonial  type.  This  is  the  Davy  Bums  guerade  as  something 
cottage,  which  was  the  oldest  building  in  Washington  before    ^  u   -i^* 

it  was  torn  down  to  make  room  for  the  Pan-American  Union    else.       As  a     DUllomg 
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material  it  is  no  cheaper  than  hollow  tile,  which  is  said  to  have  many 
advantages. 


Fig.  140. — A  house  of  fair  proportions,  hut  of  poor  architectural  detail 

The  main  charm  of  the  cottages  in  small  communities  of  England 
and  Germany  is  that  they  are  low  and  snug. 

ROADS   AND    WALKS 

Roads  and  walks  mark  the  lines  of  daily  travel  between  places  most 
frequented,  and  are  worthy  of  all  the  attention  that  can  be  bestowed 


Fig.  141. —  The  line  of  a  road  is  usually  a  positive  feature  in  a  landscape.     This 
one  adds  to  the  picture  of  which  it  is  a  part 

on  them.    The  location  of  roads  must  be  determined,  first,  by  the  points 
they  are  to  connect,  and  second,  by  the  grade  of  the  land  over  which 
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theyaretopass.  They 
should  always  be 
graceful  in  line  and 
reasonably  direct. 
Further,  it  is  desir- 
able that  they  divide 
to  advantage  the  land 
through  which  they 
pass.  The  farmer  will 
not  cut  across  his  best 
fields  with  his  lanes, 
but  vvdll  lead  the  lanes 
between  the  fields 
even  if  the  route  is 
more  circuitous.  The 
man  who  desires  to 
obtain  the  best  ap- 
pearance in  develop- 
ing his  home  grounds 
will  not  lay  out  a 
road  which  will  cut  in 
two  what  might  have 
been  one  unbroken 
sweep  of  lawn  or 
meadow.  Though 
great  values  are  not 
always     involved    in 


Fig.  142. —  A  box-bordered  shady  lane  on  an  old  Virginia  farm 

small  properties,  care 
should  be  exercised 
to  preserve  their  good 
qualities  and  to  keep 
them  beautiful.  The 
line  of  a  road  or  a 
walk  is  always  a  con- 
spicuous, and  usually 
a  positive,  feature  in 
a  landscape,  adding 
to  or  detracting  from 
the  scene  of  which  it 
is  apart  (Fig.  141). 

The  first  piupose 
of  a  walk  is  use;  yet 
it   may  also  be  made    Fig.  143.— ^4  rustic  pergola  over  a  long,  straight,  b  icked  walk 
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interesting,  so  that  the  time  required  for  traversing  it  may  be  filled 
with  pleasure  (see  cover  cut).  Walks  may  be  made  attractive,  first  of 
all  by  their  line.  If  they 
are  short,  this  line  may 
be  straight;  but  if  it  is 
straight  the  terminals  are 
always  in  evidence  (Fig. 
142).  These  terminals, 
whether  they  are  bam  or 
shed  doors,  or  doorways  to 
a  house,  may  be  made  in- 
teresting by  very  simple 
architectural  detail. 

A  walk  through  an  arbor 
or  a  trellis,  or  through  a 
series  of  arches,  has  added 
interest,  and  persons  who 
use  it  in  inclement  weather 
are  protected.  (See  figures  143  and  144.)  Walks  of  broken  or  irregular 
pieces  of  stone,  and  with  the  crevices  between  them  planted  with  sweet- 
smelling  herbs  such  as  thyme  and  similar  little  plants,  are  at  once 
serviceable  and  pleasant  to  traverse.  Curved  walks  may  be  interesting 
in  the  grace  of  their  line  and  the  plantings  that  skirt  them. 

OTHER  SURROUNDINGS 

There    is    no    reason    why    the    areas    near    house    and    bam   may 


Fig.  144. — Apple  trees  set  close  together  and  trained 
over  at  the  top  to  form  an  arch,  or  pleached  walk 


Fig.  145. —  Mount   Vernon,  the  home  of  Washington.    Showing  the  frontage, 
and  the  arcade  connecting  the  servants*  quarters  with  the  house 
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Fig.  146. —  i4n  arrangement  of  hams  and  stable  yards, 
with  flanking  buildings  for  service  quarters 


not  be  attractive.     Neatness  should  be  a  first  consideration,  and  there 
should  be  a  purposed,  not  a  haphazard,  arrangement.     (See  figures  145 

and  146.)  The  grounds 
at  Mount  Vernon,  the 
home  of  George  Washing- 
ton, were  arranged  largely 
after  his  own  plan;  and 
he  prided  himself  on  being 
a  good  farmer.  They 
illustrate  the  value  of  good 
arrangement. 

In  the  country,  and 
even  in  the  suburb  and 
the  village,  it  may  be  desirable  to  set  a  large  part  of  the  groimds  about 
the  house  with  orchard,  which  may  be  an  attractive  feature  especially 
if  the  orchard  is  of  standard  trees.  Then  the  vistas  down  the  rows  are 
invariably  interesting.  Such  a  use  of  land  immediately  about  the  house 
gives  the  impression  of  spaciousness  to  the  home  groimds  without 
decreasing  the  income  from  the  land.  The  orderly  rows  of  trees  should 
not  be  too  close  to  the  building,  so 
as  to  appear  to  crowd  it,  yet  the  tree 
rows  and  their  vistas  can  be  attractively 
related  to  the  outlooks  from  windows 
•and  other  vantage  points  (Fig.  147). 

It  is  thus  evident  that  one  may 
have  interesting  and  attractive  sur- 
roundings with  only  those  things  that 
are  needed  for  everyday  life.  Sim- 
plicity in  landscape  design  is  largely 
the  result  of  a  fortunate*  arrangement 
of  merely  these  essentials — buildings, 
roads,  walks,  grass,  and  trees  —  and 
very  little  other  growth.  In  fact,  the 
best  results  are  attained  with  nothing 
individually  conspicuous,  but  with 
everything  in  a  quiet,  harmonious 
whole,  because  the  beauty  of  the  whole 
is  greater  than  the  beauty  of  any  part 
(Fig.  148). 

Then,   too,  this  beauty  without  or- 
nament —  the   great  beauty  of  simplicity  —  may  be  brought  about  by 
the  establishment  of  order,  by  the  maintenance  of  neatness,  and  by  tak- 


FiG.  147. —  Plan  showing  the  relation 
of  an  orchard  vista  to  the  outlook  from 
a  house 
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ing  care  to  have  all  things  of  good  and  appropriate  character.  Addi- 
tional points,  however,  need  to  be  considered,  and  they  need  riot 
overstep  the  bounds  of  strict  simplicity. 

A  house  should  bear  a  relation  to  its  surroundings.  It  has  already 
been  shown  that  walks  and  roads  serve  to  connect  a  house  with  the  entrance 
and  with  other  buildings;  that  houses  should  command  the  land  that 
pertains  to  them;  and  that  advantage  should  be  taken  of  far  views  or  of 
near  surroundings.  Further,  it  has  been  shown  that  it  is  a  good  general 
rule  to  keep  a  house  low  to  the  groimd  —  say  from  one  to  two  feet  above 
it  —  and  if  it  is  already  too  high,  terraces  may  be  raised  against  it  to 
connect  it  with  the  general  contour  of  the  ground.     (See  figure  145.) 


Fig.    148. —  Best  restdts  are  attained  with   nothing  individually  conspicuous, 
beauty  of  the  whole  is  greater  than  the  beauty  of  any  part 


The 


This  need  not  cause  dampness  in  house  or  cellar.  A  building  should  not 
appear  to  draw  itself  up  and  away  from  its  setting,  as  though  it  held 
it  in  contempt,  nor  should  a  marked  difference  of  level  separate  and 
render  onerous  the  free  passage  to  and  from  a  house  and  the  grounds 
immediately  about  it. 

GRADING  AND   PLANTING 

Many  of  the  problems  of  making  pleasant  home  surroundings  consist 
of  grading  and  planting,  although  there  is  nothing  in  the  prevalent  idea 
that  all  landscape  problems  are  those  of  grading  and  planting.  Some 
errors  of  plan,  however,  may  be  covered  by  tricks  of  grading  and 
expedients  of  planting. 
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Fig.  149. —  Arrangement  of  trees  for 
shade^  according  to  the  point  of  com- 
pass toward  which  the  house  faces 


Fig.  151. —  Plans  for  tree  arrangement 
to  afford  protection  from  north  winds 
on  lots  of  different  orientation 


Fig.  150. —  Arrangement  of  trees  for 
shade,  according  to  the  point  of  com- 
pass toward  which  the  house  faces 

As  to  grading,  it  may  be  stated  as 
a  general  principle  that  all  surfaces 
immediately  about  a  building  should 
be  as  smooth,  level,  and  well  kept  as 
possible;  as  the  lawns  recede  from 
the  house,  they  may  become  more 
broken  as  to  surface  and  less  smooth 
as  to  turf,  until  they  merge  into  the 
natural  irregularities  of  orchard  and 
meadow.  In  this  way  the  effort  re- 
quired to  maintain  a  lawn  may  be 
minimized  without  injury  to  the  ap- 
pearance of  the  whole  place.  Further, 
the  ground  that  skirts  roads  and 
walks  should  be  apparently  level  for 
the  width  of  a  few  feet,  beyond  which 
it  may  slope  up  or  down.  If  these 
slopes  are  less  abrupt  at  their  bases 
than  at  their  tops  they  will  look  better 
and  be  more  easily  maintained. 

In  planting,  one  of  the  first  con- 
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Fig.  152. — Planting  plan  to  insure  best 
effect  of  shade,  outlook,  protection,  and 
privacy  on  a  lot  facing  north 


Fig.  1 53. — Planting  plan  to  insure  best 
effect  of  shade,  outlook,  protection, 
and  privacy  on  a  lot  facing  south 


Fig.  154. — Planting  plan  to  insure  best 
effect  of  shade,  outlook,  protection 
and  privacy  on  a  lot  facing  east 


Fig.  1 55. — Planting  plan  to  insure  best 
effect  of  shade,  outlook,  protection 
and  privacy  on  a  lot  facing  west 
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siderations  is  that  of  the  placing  of  individtial  trees  about  the  house. 
First,  the  trees  should  afford  protection,  principally  from  the  sun; 
in  addition,  however,  they  should  bear  a  relation-  to  the  house,  so  far 
as  outward  appearances  are  concerned.     (See  figures  149  and  150.) 

In  the  north,  protection  from  the  winter  winds  becomes  a  serious 
consideration.  Then,  too,  privacy,  and  the  prospect  from  windows  or 
porches,  are  essential  points  to  be  considered  in  determining  the  disposi- 
tion of  all  the  growth  about  a  house.  These  various  considerations  are 
sometimes  in  conflict,  and  it  then  becomes  necessary  to  choose  between 
them.  In  purchasing  land  for  a  home,  serious  difficulty  may  be  avoided 
if  a  site  is  selected  which  will  lend  itself  readily  to  landscape  development, 
whether  elaborate  or  simple.  The  placing  of  all  planting,  about  the  house 
is  based  on  the  ideas  expressed  in  figure  151.  These  ideas  are  shown 
more  in  detail  in  figures  152,  153,  154,  and  155,  which  illustrate  how  any 
kind  of  planting  should  relate  to  a  house  facing  north,  south,  east,  or  west. 


IMPROVING   THE   .OUTLOOK 

The  house  and  its  immediate  grounds  form  the  center  of  the  lives  and 
activities  of  those  who  use  them;  regardless  of  the  extent  of  a  property 
or  the  character  of  the  surrounding  country,  those  parts  in  view  determine 
the  value  of  the  location.  Sightly  outlooks  should  be  made  available 
from  certain  sections  of  a  house,  as  from  its  living  rooms;  unsightly 
objects  in  any  quarter  should  be  hidden. 

In  most  cases  the  prospects  from  all  sides  of  a  house  are  made  up  of 
.a  few  spots  of  interest,  a  few  of  imdesirable  character,  and  perhaps  a 

large  residue  of  an  indefi- 


nite or  intermediate 
nature.  The  question 
then  arises,  what  is  to 
be  done  with  this  third 
division?  The  answer 
may  become  evident 
through  an  examination 
of  a  few  examples. 

In  figure  1 56  is  shown  a 
farmstead  with  outlooks 
of  various  character, 
good,  bad,  and  indiffer- 
ent. This,  on  first  analy- 
sis and  in  its  original 
the    following   illustration 


Pig.  156. —  A  farmstead  with  ouUooks  good,  bad,  and  in- 
different 


condition,    presents   a   simple   problem.     In 

(Fig.  157)  may  be  seen  how  the  arrangement  of  trees  has  been  planned 
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Fig.  157. —  Diagram  showing  haw  the  farmstead  shown  in 
figure  ip6  may  he  improved  by  plantings  to  accentuate 
the  good  outlooks  and  to  hide  the  had  and  indifferent  ones 


Pig.  158. —  Diagram  of  farmstead  with  an  orchard  which 
ads  as  a  screen  from  the  road 


Pig.  159. —  Suggested  development  of  plan  shown  in  figure 
158,  with  go^ views  acre-^tuated  arid  had  views  hidden 
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so  as  to  hide  all  disagreeable  objects  and  also  to  fill  those  parts  of  the 
horizon  that  have  no  distinct  landscape  value.  In  the  first  stage  in  this 
plan,  the  horizon  is  reduced  to  one  or  two  offscapes,  or  views  off  the 
property,  and  to  a  confining  border  of  trees.  The  grounds  have  gained 
inclosure  and  privacy,  which  nevertheless  add  to  the  apparent  extent 
because  an  area  always  appears  larger  when  inclosed  than  when  a  part 
of  the  open.  Shelter  has  been  secured  from  winter  winds,  and,  in  addition, 
a  flower  garden  has  been  snugly  placed  in  the  northern  border  of  the 
grounds,  where  it  will  neither  be  in  line  with  the  distant  views  nor  interfere 
with  the  expanse  of  the  lawns,  but  will  be  near  to  and  in  view  from  the 
house.  A  few  individual  trees  have  been  placed  about  the  house  and 
arranged  in  groups  standing  out  from  the  more  closely  set  border  plantings. 
The  open  areas  are  so  clear  that  they  may  be  used  for  hay,  leaving  only 
so  much  lawn  near  to  the  house  as  may  be  easily  mowed. 

A  similar  site,  where  an  existing  orchard  screens  the  house  from  the 
road  and  takes  the  place  of  a  mass  of  border  planting,  is  shown  in  figure 
158.  The  orchard  has  been  added  to  as  shown  in  figure  159,  in  order 
to  narrow  the  vista  over  the  fields  and  to  use  more  economically  the 
space  near  the  bam.     The  planting  on  the  north,  which  would  be  largely 


Fig.  160. — Plan  of  grounds  in  a  village, 
showing  outlooks  of  various  vaiues 


Fig.   161. —  Suggested  development  of 
ground  plan  shown  in  figure  160 


of  trees,  is  continued  in  shrubs  as  it  skirts  the  old  orchard  near  the  bam. 
This  effectually  blocks  the  view  under  the  scattered  old  apple  trees  and 
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Pig.  162. —  Simple  plan  for  the  de- 
velopment of  a  village  or  suburban 
property 


Fig.  163. —  A  somewhat  more  elaborate 
plan  for  the  development  of  a  village 
or  suburban  lot 


hides  the  stable  yard.     The  same  principles  are  applicable  to  a  house 
in  a  small  village,  as  shown  in  figures  160  and  161. 

Other  simple  treatments  of  small  properties  are  illustrated  in  figures 
162  and  163.     As  heretofore  stated,  it  is  best  to  have  the  greatest  expanse 


^,     ^  V  =?^. 


Fig.  164. — An  interesting  combination  in  which  the  main  charm  depends  on  tree  forms 
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Fic.  165. —  The  charm  of  trees  as  to  light  and  shade,  form  and  color.   Here  elm,  pine, 
and  maple  show  variation  ana  harmony 


166. —  Diagram  showing  the  ar- 
"  oays  and 


Fig, 
rangement  of  plantings  of 
promontories 


of  land  outside  the  living-room  win- 
dows, and  this  should  be  also  the 
sunniest  prospect. 

It  should  be  evident  from  the  pre- 
ceding discussion  that  the  location  of 
all  plantings  is  determined  after  an 
analysis  of  existing  conditions,  and 
that  the  plantings  should  then  be  made 
with  a  definite  purpose. 

NATURE   OF   PLANTINGS 

It  is  not  sufficient  to  decide  that  a 
place  is  to  have  plantings  about  it. 
These  plantings  should  have  interest, 
and  should  result  in  improvements 
on  the  original  or  natural  surroundings. 
Inclosing  borders  should  not  be  of  a 
monotonous  and  rigid  outline.  Such 
monotony  comes  largely  from  an  over- 
use of  shrubs  as  compared  with  trees; 
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a   continuous   line   of   this  low  material  gives   no    relief    nor    variety. 

Trees  should  be  used  first  where  there  is  room  for   them,  and  should 

form  the  bulk  of  the  plantings.     Results 

of  this  practice  may  be  seen  in  the  dignified 

and  interesting  compositions  illustrated 

in  figures  164  and  165.    If  the  line  of  the 

border  is  broken  and  somewhat  loose  at 

the  edge,   and,  further,    if   outstanding 

groups  and  individual  trees  are  judiciously 

arranged  along  it,  the  precise  line  of  the 

border  will  be  disguised,  at  least  in  part 

of  its  extent.     The  shrubs  may  be  placed 

in  the  several  recesses,  or  bays,  or  they 

may  be  set  on   some  of  the  points,  or 

promontories,     for     special    effects,    as 

indicated  in  figures  134  (page  784)  and  166. 


Fig.  167. —  The  weeping  beech  forms  1 
mass  whose  base  rests  on  the  ground 


SELECTION   OF   TREES 

Of  trees  that  branch  low,  or  "  face 
themselves  down,"  there  is  a  sufficient 
assortment:  the  American  beech  and 
the  several  varieties  of  the  English  beech,  £is  well  as  several  of  the  oaks, 
maples,  and  lindens ;  the  small-leaf  evergreen  trees,  as  spruces,  firs,  hem- 
locks, and  some  of  the  pines;  and  the  many  kinds  of  field  thorns.     From 

these  may  be  selected 
trees  for  plantings  of 
any  size.  (See  figures 
167, 168,  i69,andi7o.) 
As  will  be  brought  out 
later,  a  great  variety 
of  material  in  plant- 
ings is  not  desirable. 
This  fact  may  be 
evident  in  some  of  the 
foregoing  illustrations, 
but  it  will  be  more 
fully  illustrated  else- 
where in  this  bulletin. 
It  will  be  remem- 
bered that  there  should 
be  a  definite  purpose  for  all  that  is  done  in  the  arrangement  of  the 
home  grounds,  and  for  this  reason  the  purpose  in  altering  a  horizon  must 


Fig.  168.- 


-  Spruces  lend  themselves  best  to  massed  groupings 
even  though  their  types  are  spirelike 
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Fig.  169.—  The  thorn  tree,  which  has  dense,  low  growth 

suggest  themselves  as  worthy  of  special  emphasis, 
of  walk  leading  from  the 
doors  of  the  house  and 
forming  already  promi- 
nent lines  of  sight.  At 
the  entrance  from  the 
public  road  there  may 
be  a  cltmip  of  trees;  if 
so,  they  mark  this  en- 
trance as  an  important 
point  in  the  surrounding 
green  walls.  Then,  too, 
in  the  long  plantings 
that  connect  the  points 
marked  for  emphasis, 
there  may  be  foimd 
places  at  the  comers, 
for  example,  and  pos- 
sibly elsewhere,  that 
might  desirably  be  dif- 
ferentiated from  the 
growth  about  them. 
Further,  individual 
trees  and  shrubs, 
sparingly  used,  may  be 
set     out     from      their   FiG.iyo.-'ThemassedproporHons 


be  kept  closely  in 
mind.  Is  it  the 
purpose  todevelop 
an  evenness  in  this 
interest  allaround, 
or  should  atten- 
tion be  localized  or 
focused  on  parts 
of  it?  If  it  is  of  an 
equal  interest,  will 
not  this  interest 
automatically 
degenerate  into 
monotony  ?  Al- 
most at  once 
definite  views  will 
There  may  be  lines 


of  a  specimen  horse<hesinul 
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backgrounds,  but   still    kept   in   harmony 
with  them. 

If  these  focal  points  in  the  girdle  of 
greenery  should  be  marked,  the  next 
question  that  arises  is  how  to  emphasize 
them,  or,  in  other  words,  how  to  distinguish 
them  from  the  remainder  of  the  planting. 
There  is  nothing  so  evident  in  the  relative 
importance  of  things  as  superior  size,  and 
especially  greater  height.  In  outlines 
against  the  sky  the  high  points  are  always 
the  most  prominent;  and  while  such  high 
points  may  be  the  outlines  of  large,  roimded, 
massive  trees,  such  masses  are  not  likely 
to  be  as  strikingly  prominent  as  an  indi- 
vidual tree  or  a  dump  of  trees  of  a  dis- 
tinctly vertical  habit,  such  as  the  Lombardy 
poplar  (Fig.  171).  This  and  the  pyramidal 
oak,  the  fastigiate  maple  (Fig.  172),  and 
the  arbor  vitae.  vertical  in  habit,  denote  aspiration;  the  flowering  dogwood 


Fig.   171. —  Th£  Lombardy  poplar 
denotes  aspiration 


Pig.    172. —  A   fastigiate   maple. 
Trees   of  this  type   give  sharp 
accents  to  the  sky  line 
SI 


Fig.  173. — Diagrams  of  planting  borders 
of  various  characters — picturesque ^ 
varied,  restrained,  or  quiet 
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and  the  field  thorn  (Fig.   160),  which  are  horizontal,  and  some  of  the 
horticultural  forms  of  weeping  trees,  such  as  Wier*s  cut-leaved  maple 

and  the  weeping  beech 
(Fig.  167),  which  are  of 
a  graceful  and  drooping 
habit,  give  quite  the 
opposite  impression. 

Far  the  greater  num- 
ber of  plant  forms,  how- 
ever, are  m_ore  indefinite 
in  their  growth  and  out- 
line, and  these  are  the 
ones  that  make  up  the 
larger  part  of  our  wood 
and  meadow  borders, 
most  of  which  cannot 
be  improved  upon  for 
Altogether  a  large  variety  is  available 
Also  there  is  an  assortment  of  trees 


Fig.  174.  — A  landscape  shelving  the  combined  handiwork 
of  nature  and  of  man 


their  quiet,  harmonious  beauty. 

in  outline,  and  in  form  and  habit. 

and  shrubs  having  smaller  and  larger  leaves;  and  still   further   variety 

arises  from  different  shades  of  green  and  of  the  beautiful  bronze  color 

of  the  purple,  or  copper,  beech. 

In  short,  there  is  contrast  and  variety  in  plenty.  The  problem  is, 
how  to  use  it  to  the  best  advantage.  Different  groups  and  borders  may 
be  made  according  to  the  material  used  and  the  way  in  which  it  is  arranged, 
as  shown  in  figure  173.  Illustration  of  the  combined  handiwork  of 
nature  and  of  man  is  shown  in  figure  174;  and  the  number  of  types  or 
stages  that  could  be  found  between  the  most  varied  and  picturesque, 
and  the  most  harmonious 
and  quiet,  would  be 
infinite. 

KEEPING   PLANTINGS 
IN    CHARACTER 

A  prospect  of  quiei: 
character  is  shown  in 
figure  175,  which  is  repro- 
duced from  an  old  print. 
While  the  frame,  or 
flanking  mass   of   trees,  ^^'  ^75--^  simple.  weU^halanced  composUion 

is  not  quite  symmetrical  in  size  and  outline,  the  two  sides  are  apparently 
balanced  and  are  made  up  of  roimded  trees  which  echo  the  quiet  character 
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of  the  picture  itself.  If  these  flanking  masses  differed  in  character  from 
the  picture,  or  if  they  were  not  balanced,  they  would  distract  attention 
from  the  view  on  which  attention  should  be  concentrated.  Two  pictures 
made  up  of  the  same  elements  are  shown  in  figure  176;  these  elements 
are  two  groups  of  trees,  a  distant  sky  line,  and  a  foreground.  One  of 
these  pictures  has  the  vertical  proportions  dominant,  and  the  other  has 
the  horizontal.  These  groups  of  trees  have  been  varied  in  order  to  adapt 
them  to  the  spirit  of  the  distant  view.  An  illustration  of  how  an 
unsightly,  long  line,  of  an  overhead  viaduct  was  made  into  an  interesting 


toUE 


■Y  COURTfSY  or  AUTHUR  W.  DOW 


■T  COURTISY  OF  ARTHUR  W.  OOW 


Fig.  176. —  Diagrams  of  two  different 
pictures  made  up  of  the  same  elements. 
The  upper  shows  vertical  lines,  the 
lower  korizontal 


Fig.  177. —  Diagram  indicating  how 
vertical  lines  may  be  used  to  relieve 
monotonous  horizontal  lines 


picture  by  contrasting  against  it  a  large  group  of  Lombardy  poplars  is 
shown  in  figure  177.  Again,  an  outlook  over  a  rather  monotonous  country 
was  enlivened  by  the  careful  placing  of  two  tall,  slender  trees  almost  in 
the  center  of  the  view  (Fig.  178).  In  figure  179  is  shown  how  a  walk 
has  been  made  interesting  and  its  terminal  emphasized  by  the  use  of 
trees  differing  slightly  from  the  adjacent  background.  This  figure  shows 
also  how  a  path  through  a  garden  may  terminate  in  a  gateway ;  and  the  whole 
picture  is  kept  more  within  its  own  precincts  and  given  more  imity  by 
the  single  great  tree. 

From  all  this  a  few  definite  conclusions  may  be  drawn.     If  the  borders 
break  away  for  a  distinct  view,  the  flanking  masses  of  planting  must 
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be  in  character  with  that  view.  High  accents  must  be  used  sparingly, 
and  if  the  view  is  abeady  good  it  is  good  enough  as  it  is  and  cannot  be 
bettered  by  a  frame,  except  as  that  frame  is  kept  subordinate  to  the 
picture.     If  the  necessity  arises  of  making  an  tminteresting  picture  interest- 


FiG.  178. —  A  £ood  picture  of  simple  elements,  out  of  an  unpromising  ouUook,  by  the  i:ze 

of  vertical  accents 

ing,  it  is  soon  enough  to  resort  to  skill  in  manufacturing  fine  artificial 
landscapes.  All  accent  in  the  interior  landscape,  or  framed  picture, 
should  be  guarded  most  carefully,  used  most  sparingly,  and  reserved  for 
only  such  points  as  are  already  focal  by  their  own  importance  or  have 
been  made  so  by  the  planter,  who  felt  it  necessary  to  mark  them  in  this 
way.  Important  as  these  accents  are,  the  long  reaches  of  neutral,  har- 
monious background  between  are  necessary  for  their  complete  emphasis. 
The  element  of  harmony  should  be  dominant  in  any  landscape  if  it  is  to  be 
livable,  qtiiet,  peaceful,  and  ultimately  pleasing;  so  that  what  may  have 
seemed  at  first  to  be  the  most  uninteresting  parts  of  the  surroundings 
may  be  the  most  necessar}\ 

In  the  developing  of  the  sky  line,  or  horizon,  the  greatest  prominence 
should  be  reserved  for  one,  two,  or  at  the  most  three,  points  of  greatest 
importance,  and  additional  prominence  may  be  given  to  these  points 
by  the  use  of  trees  of  vertical  lines.  Other  less  important  points  may 
be  marked  by  picturesque  groups  on  a  smaller  scale,  these  to  be  kept 
either  below  the  sky  line  of  the  general  background  or  slightly  above  it. 
Outstanding  individual  trees  may  be  either  of  the  same  sort  as  might 
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grow  naturally  in  the  border,  or  of  some  more  cultivated  variety  of  the 
.same  species,  and  they  may  be  large  or  small. 

The  greatest  possible  caution  should  be  used  with  colors  other  than 
green,  or  with  fancy  foliage.  Of  the  latter,  only  a  few  forms,  and  those 
of  good  color,  should  find  a  place. 

THE   USE   OF   SHRUBS 

In  general  the  use  of  flowering  shrubs  is  mainly  restricted  to  the  areas 
near  the  house  and  about  the  garden.  The  lawns,  if  kept  in  greenery, 
will  then  be  different  from  the  garden  areas,  and  will  also  be  more  quiet, 
dignified,  and  restful  in  character.  Shrubs  of  any  kind  count  more  for 
their  foliage  than  for  their  flowers,  since  the  flowering  period  is  usually 
of  short  duration.  If  shrubs  are  used  in  connection  with  the  lawns  they 
are  best  arranged  in  masses  of  fair  size  (from  five  to  twenty-five  plants), 
either  in  recesses  of  the  tree  border  or  on  the  points  of  prominence;  in  this 
way  they  may  also  serve,  if  it  is  desirable,  for  accent  in  times  of  flowering. 
If  the  whole  border  is  of  flowering  shrubs  it  is  worse  than  if  there  are 
none,  because  they  then  flaunt  their  monotony. 

About  the  house,  planting  should  be  sparingly  resorted  to,  and  the 
individual  tree  or  shrub,  especially  as  it  grows  older,  is  far  more  attractive 


i:^^, 

^:$^;^ 


Fig.  179. —  Walk  made  interesting  by  trees  of  special  character  at  its  terminal 

than  a  continuous  fringe.     The  greatest  skill  lies  in  the  gaining  of  the  best 
effect  with  the  use  of  the  least  material  and  the  least  variety  of  forms. 
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Individual  plants  look  small  when  first  planted,  but  room  must  be  allowed 
for  their  full  development.  They  will  need  care  in  planting  and  in  culti- 
vation for  the  first  few  years,  but  after  that  they  are  likely  to  outgrow 
one's  expectations. 

FLOWER  GARDENS 

And  what  about  flower  gardens?  At  some  time  in  his  life  every  one 
feels  that  a  flower  garden  is  a  necessity.  However,  until  one  wants 
a  garden  so  much  as  to  be  willing  to  care  for  it  and  to  work  in  it  with 
his  own  hands,  it  is  better  to  do  without  it.     The  garden  needs  the 


Fig.  1 80. —  A  view  from  the  house  windows  into  an  intimate  secluded  garden 

imprint  of  an  individual  hand  to  make  it  really  interesting,  and  with . 
this  distinguishing  mark  it  will  have  character  even  if  its  plant  inhabitants 
are  largely  vegetables.  A  garden  may  be  a  perfectly  lawless  place;  it 
may  have  in  it  a  great  variety  of  plants  as  described  in  Part  II;  it  may 
have  trees,  shrubs,  roses,  annual  flowers,  perennial  flowers,  vegetables, 
fruits,  and  even  weeds  —  and  yet  have  charm. 

The  colonists  who  came  from  England  —  where  most  of  the  gardens 
were  laid  out  on  geometrical  lines  —  in  order  to  show  their  independence 
lined  the  paths  of  their  gardens  in  a  most  irregular  fashion,  leaving  beds 
of  every  conceivable  odd  shape.  And  yet  no  one  will  deny  the  charm 
of  our  colonial  gardens,  with  borders  of  dwarf  box  marking  the  paths 
and  with  their  high  inclosing  hedges.  These  gardens  had  in  them  every- 
thing of  which  their  owners  were  fond.     Here,  rather  than  on  the  lawn. 
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Fig.  181. —  An  inclosed  and  flower-bordered  kitchen  garden  three  I  undred  years  cid 


is  the  place  for  those 
plant  forms  in  which 
persons  are  interested 
individually  and  for 
which  they  have  a  par- 
ticular liking.  Above 
all,  a  garden  should  be 
related  to  the  house 
(Fig.  180),  and  so  it 
should  be  adjacent  to 
the  living  rooms  of  a 
house  or  in  sight  from 
them. 

Further,  a  garden 
should  be  inclosed. 
One  should  be  able 
to  go  into  a,  gardai, 
and  it  is  not  meant  to 
be  seen  openly  from 
points  on  the  lawn .  Yet 
a  glimpse  of  it  is  desir- 
able, as  an  invitation 
to  enter  (Fig.  181). 
Further,    the   inclosing 


of    gardens,     especially  Fig.   1S2.— A  glimpse  into  an  English  cottage  garden  three 

from  the  rough  winds,  htindred  years  old      Such  topiary  effects  have  to  be  carc- 

.  Jully  considered,  and  usually  are  out  of  place  and  unsuc- 

is  an   essential    not    to  cessful  in  American  gardens 


^'Z^f$^^ 
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be  ignored  if  we  would  there  grow  even  the  hardier  plants  with  success 
and  the  weak  ones  at  all.    Even  aside  from  this  practical  point  of  view, 

a  garden  that  is  not  inclosed  is 
not  a  garden  at  all  (Fig.  182). 

I   ■^BB^H^^^SEB^^^^^  the  dooryard 

Although  one  may  not  have 
gardens,  or  even  lawns,  or  bor- 
ders, or  homelike,  quiet,  and  se- 
cluded retreats  about  the  home, 
yet  the  doorways  and  the  door- 
yards  should  not  be  forgotten. 
The  entrances  to  the  home  should 
be  marked,  and  should  be  made 
cheerful  and  even  beautiful. 
Here  tired  man  enters;  here  are 
the  portals  of  the  home;  here  the 
stranger  is  welcomed;  and  here 
the  friends  and  neighbors  pass  in 
and  out.  If  the  doorway  does 
not  now  have  good  architectural 
character,  it  may  have  some  day. 
In  the  meantime,  vines,  evergreen 
and  others,  will  flower  in  spring 
and  summer  and  will  carry  foliage 
through  fall  and  winter;  and  the 
most  beautiful  and  the  most 
flowery  should  be  reserved  for  the 
doorways  (Figs.  183  and  184). 
Vines  may  also  be  used  for  decorating  the  boimdary  walls,  posts,  and 
fences,  and  for  draping  the  arches  of  garden  walks;  but  the  use  of  them 
should  be  reasonable  and  they  should  be  placed  where  they  will  serve 
to  accentuate  ideas  already  established  (Fig.  185). 


Fig.  183. —  The  dooryard.    Here  tired  man 
enters;  here  are  the  portals  of  the  home 


CONCLUSION 

In  conclusion,  whatever  is  done  with  the  secluded  garden  may  be  kept 
from  the  public,  if  it  is  bad;  but  whatever  is  done  about  the  lawns  and 
in  the  general  arrangement  of  home  grounds  becomes  a  part  of  them  for 
good  or  for  bad,  and  not  only  affects  them  as  a  whole  but  also  reflects  the 
taste  and  character  of  the  owner. 

The  value  of  the  whole  is  more  important  than  the  value  of  any  part, 
and  a  man's  house  may  better  be  set.  in  a  framework  that  is  too  simple 
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Fig.  184. — A  door  yard  where  the  stone  steps  form  a  flower  garden  of  rock  plants. 
These  steps  lead  from  a  terrace  to  a  garden  in  which  native  wood  plants  have 
been  naturalized 


Fig.  185. —  Vines  should  he  used  with  caution  and  placed  where  they  wHl  accentuate  ideas 
already  established.  This  xine  is  a  Tausendschon  rose  on  a  Uomg-room  porch  within 
a  few  feet  of  a  prize  amateur  rose  garden.    It  serves  to  connect  the  house  with  the  garden 
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than  in  one  that  is  too  ornate.  And  what  was  said  at  the  beginning 
of  this  bulletin  is  here  reiterated  —  that  simplicity  should  be  the  aim, 
and  a  beautiful  simplicity  is  the  most  that  one  may  wish  for. 


bft.. 


Fig.  186. —  Some  one  made  a  good  start  here  and  nature  did  the  rest 
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PARTn 

PLAKTS  FOR  THE  HOME  GROUin>S 

R.  W.  Curtis 

The  following  lists  of  plant  materials  are  given  as  an  aid  in  selecting  the 
proper  trees,  shrubs,  and  smaller  growths  suitable  for  home  grounds.^ 

MASS  PLANTING,  TREES  AND  SHRUBS 

(Natural  woodland  growth,  from   15  to  loo  feet.     For  smaller  shrubs,  see  Shrubs, 

pages  817  to  835) 
LARGE  (Prom  50  to  100  feet) 
Deciduous. —  Sugar  Maple  (Acer  saccharum).    Red  Maple  {Acer  rubrum).    Ameri- 
can   Beech    (Fagus  ferruginea).    White   Ash    {Fraxinus   americana).     Shagbark 
Hickory  {Carya  ovata).    Any  of  the  Oaks  (Quercus  alba,  Q.  rubra,  Q.  coccinea, 
and  otliers).     Basswood,  or  Linden  (Tilia  americana).    Birdies  (Betula  lenta  and 
B.  nigra). 
Evergreen. —  White  Pine  (Pinus  strobus).    Red,  or  Norway,  Pine  (Pinus  resinosa). 
Pitch  Pine  (Pinus  rigida).    Hemlock  (Tsuga  canadensis). 

SMALL  (Large  shrubs  or  small  trees,  from  15  to  30  feet) 

Deciduous. —  Flowering  Dogwood  {Comus  florida).  Thorn  (Crataegus).  Iron- 
woods,  or  Hornbeams  (Carpinus  and  Ostrya).  Nannyberry  {Viburnum  lentago). 
Shadbushes,  or  Juneberries  {Amelanchier  canadensis  and  A.  kevis).  Witch-hazel 
{Hamamelis  virginiana).  Striped  Maple  {Acer  pennsylvanicum).  Spicebush 
{Benzoin  astivale  l=B.  odoriferum]).  Speckled  Alder  {Alnus  incana).  The  last  two 
shrubs  are  best  in  wet  soil. 

Eyergreen. —  Red  Cedar  {Juniperus  virginiana).  Arbor  Vitae,  or  White  Cedar 
{Thuya  occidentalis). 

Note. —  These  trees  cannot  live  in  shade.    They  grow  naturally,  in  groups, 
in  the  open  or  at  the  mai^gin  of  a  wood. 

SPECIMEN  TREES 

(Trees  of  general  excellence  or  with  particular  traits  giving  them  value  as  individual 

specimens) 

Formal  (Symmetrical  and  almost  round  or  oval  in  outline) 

LARGE  (From  50  to  100  feet) 

Deciduous. —  Norway  Maple  {Acer  platanoides) ;  a  tough  and  hardy  tree,  low-headed 
but  excellent  for  the  lawn  or  the  average  city  street  where  there  are  no  wires. 
(See  Street  Trees,  page  815.)  Horse-chestnut  {Msculus  hippocastanum) ;  should 
be  planted  only  where  there  is  ample  space  and  moisture.  Cucumber  Tree  {Mag- 
nolia acuminata).  European  Beech  {Fagus  sylvatica).  European  Linden,  or  Bass- 
wood  ( Tilia  europcea) ;  blooms  from  a  week  to  ten  days  earlier  than  the  American 
Basswood.     White  Oak  (Quercus  alba) . 

Evergreen. —  Austrian  Pine  (Pinus  austriaca).    Swiss  Stone  Pine  (Pinus  cembra), 

SMALL  (From  15  to  30  feet) 

Deciduous.  —  Red  Buckeye.  (JEscidus  camea  [=  JEs.  rubicunda]  var.  briotii). 
Cercidyphyllum  japonicum.  Cornus  mas;  bears  yellow  flowers  early  in  spring, 
before  the  leaves  appear.  Paul's  Double  Scarlet  Thorn  (Cratcegus  oxyacantha 
var.  paulii);  a  form  of  the  English  Hawthorn.  Bechtel's  Crab  (Pyrus  ioensis  var. 
bechtelii);  a  double  form  of  the  Iowa  Crab;  the  last  crab  to  bloom,  and  very  fine; 
flowers  like  small  pink  roses.  Black  Haw  (Viburnum  prunifolium).  Tree  Lilac 
(Syringa  japonica);  the  last  lilac  to  bloom,  about  July  i;  flowers  white,  in  upright 
dusters. 

»Sec  Table  of  Contents,  page  891;  also.  Index  of  Plants,  page  893,  for  cross  reference,  pronunciation, 
and  synonymy. 
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Evergreen.—  Swiss  Mountain  Pine  (Pinus  monlana);  in  the  tree,  not  the  shrub 
(mugho),  variety.  Red  Cedar  (Juniperus  tnrginiana)  and  Chinese  Jumper  (Juni- 
perus  chinensis),  in  selected  broad  round  forms;  the  latter  remains  green  throughout 
the  year,  while  the  former  usually  browns  in  winter. 

Graceful  (More  free  and  restful) 
X«A&GE  (From  50  to  100  feet) 

Deciduous. —  American  Elm  {Ulmus  americana).    Sugar  Maple  {Acer  saccharum). 
Red   Maple  {Acer  rubrum).     Oriental   Plane  Tree    (Platanus  orientcUis),    Tulip 
Tree,  or  Whitewood  (Liriodendron  tulipifera) ;  foliage  is  rich  and  glossy,  but  limh« 
are  very  brittle. 
Evergreen. —  White  Pine  (Pinus  strobus).    Hemlock  (Tsuga  canadensis). 
SMALL  (From  15  to  30  feet) 
Deciduous. —  Acer  ginncUa;  a  form  of  the  Tartarian  Maple,  the  most  brilliant  of 
all  Maples  in  the  fall.     Flowering  Dogwood  (Cornus  florida).    Washington  Thorn 
(Cratagus  cor  data).    Flowering  Crab  {Pyrus  floribunda).     Parkman  Crab  (Pyrus 
halliana  [=  P.  parkmani%\).     Sorrel  Tree,  or  Tree  Andromeda  (Oxydendrum  arbo- 
reum) ;  very  graceful,  with  beautiful  autumn  color. 
Evergreen. —  Retinospora  obtusa^  R.  pisifera,  and  R.  pisifera  var.  plutnosa;  beauti- 
ful fonns  of  Japanese  Cypress. 

Note. —  All  Retinosporas  in  this  bulletin  belong  to  the  genus  Chamaecyparis, 
but  the  name  Retinospora  is  the  more  common  in  commercial  use. 

Picturesque  (More  interesting  and  striking  in  form,  line,  or  color) 
LARGE  (From  50  to  100  feet)    • 

Deciduous. —  Red  Oak  and  Black  Oak  (Quercus  rubra  and  Q.  vdulina);  strong  and 
rugged.  Shagbark  Hickory  (Carya  ovaia) ;  crooked  and  irregiddr  framework  in  win- 
ter. Sour  Gum,  or  Tupelo  (Nyssa  sylvatica);  peculiar  horizontal,  and  even 
drooping,  branches;  the  most  picturesque  of  any  native  tree  in  winter;  the  best 
location  is  near  water.  Weeping  European  Beech  (Fagus  sylvatica  var.  pendula) ; 
purple  varieties,  erect  and  weeping,  are  more  striking,  but  the  normal  green-foli- 
age types  are  more  satisfactory.  Red,  or  River,  Birch  {Betula  nigra) ;  the  curling, 
reddish  brown  bark  makes  the  trunk  and  the  limbs  of  this  species  very  attractive 
in  winter;  a  cltunp  of  River  Birch  is  always  a  welcome  sight;  moreover,  it  seems 
to  be  little  injured  by  the  bronze  birch  borer,  which  renders  practically  all 
other  birches  undesirable  for  planting.  Trembling  Aspen  ( Populus  tretnulotdes) ; 
usually  a  small  tree,  from  40  to  50  feet  hieh,  with  gray-green  trunk  and  limbs,  most 
attractive  against  a  dark  background.  Weeping  Silver  Linden  {Tilia  petiolaris) ; 
usually  from  40  to  50  feet  high. 

Evergreen. —  Scotch  Pine  (Pinus  sylvestris);  irregular  spreading  habit,  and  bluish 
green  foliage  with  salmon-colored  trunks;  grows  rapidly  but  is  short-lived  in  Ameri- 
ca. Red,  or  Norway,  Pine  (Pinus  resinosa);  a  native  pine,  little  used  but  very 
handsome  and  thoroughly  satisfactory;  foliage  long  and  dark  green,  in  heavy 
dusters,  making  a  strong,  bold  effect  when  the  trees  are  massed  in  groups.  Western 
YeUow  Pine  ( Ptnus  ponder osa) ;  a  hardy  pine  from  the  West ;  has  much  the  same  effect 
as,  or  even  a  stronger  effect  than,  the  Red  Pine.  Pitch  Pine  (Pinus  rigida);  a 
native  pine,  becoming  very  picturesque  when  old;  does  well  under  dry,  hard 
conditions. 
SMALL  (From  15  to  30  feet) 

Deciduous. —  Cockspur  Thorn  (Cratcegus  crus-galU);  has  distinct,  horizontal,  wide- 
spreading  branches.  Weeping  Japanese  Cherry  (Prunus  pendula);  pale  rose- 
purple  flowers,  appearing  early,  before  the  leaves.  Oleaster  (Elemgnus  angustifolia) ; 
has  silvery  twigs  and  foliage.  Alternate-leaved  Dogwood  (Cornus  aUerntfolia) ; 
a  slender  little  native  tree  or  large  shrub,  with  branches  in  whorls  wide  apart, 
very  Japanese-like. 

Evergreen. — Jack  Pine  (Pinus  banksiana  l=?  P,  divaricata])',  the  northernmost  pine; 
somewhat  resembling  Pitch  Pine,  but  smaller  and  more  spreading  and  irregular; 
the  best  pine  for  dry,  sandy  soil.  Weeping  Hemlock  (Tsuga  canadensis  var. 
pendula) ;  very  desirable.  Weeping  Japanese  Cypress  (Retinospora  pisifera  var. 
JUifera),  Rettnospora  pisifera  var.  sguarrosa,  a  Japanese  Cypress  with  blue-gray, 
feathery  foliage. 
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Conical  or  Vertical  Trees  for  Rmphaiiin 

Conical 

Deddttons. —  Larch  (Larix  europtsa),  Cncmnber  Tree  (Magnolia  acuminaia).  Maid- 
enhair Tree  {Ginkgo  biloba);  this  remains  narrow  for  forty  or  fifty  years,  and  then 
broadens  out,  with  wide-reaching  limbs.  Pin  Oak  (Quercus  palustris);  this  is  the 
best  of  the  deciduous  conical  type.     (See  under  Street  Trees,  page  816.) 

Evergreen. — 

LARGE    (From  50  to  100  feet) 
Spruces 

Norway  Spruce  {Picea  excelsa).  Probably  the  most  commonly  planted  conical 
evergreen.  It  is  hardy  and  vigorous  m  most  parts  of  the  State  for  forty  or 
fifty  years,  after  whidn  it  begins  to  die  at  the  top.  It  is  too  somber  and 
funereal  for  specimen  planting,  and  is  much  better  in  hedges  or  windbreaks  or 
for  solid  screen  planting. 

Cdorado  Blue  Spruce  (Picea  pungens  [=P.  parryana]).  Foliage  very  stiff  and 
sharp,  color  ranging  from  blue  to  green;  Koster's  Blue  Spruce  is  the  bluest 
form.  In  addition  to  emphatic  form,  this  spruce  has  very  emphatic  color, 
and  moreover  it  is  not  long-lived.  If  anphasis  of  this  kind  is  desired.  Sil- 
ver Fir  (Abies  concolor)  should  be  used.     (See  under  Firs.) 

White  Spruce  (Picea  canadensis  (^  P,  albc^).  Foliage  gray-green,  sometimes 
resemoling  forms  of  the  Blue  Spruce  at  a  distance  but  never  as  stiff  or  as 
sharply  pointed  as  the  latter.  It  is  the  best  of  the  native  spruces,  but  Picea 
engetmanniit  from  Colorado,  which  is  intermediate  between  P.  pungens  and 
P.  canadensis,  is  better  and  longer-lived  than  either. 

Oriental  Spruce  (Picea  orienkUis),     Foliage  dark,  glossy  green,  the  shortest  and 
bluntest  of  all  spruce  foliage.    This  is  a  handsome  tree  of  fine  color  and  grace- 
ful habit,  but,  like  the  native  Red  Spruce  (P.  rubra),  it  is  a  very  slow-giowing 
tree  in  cultivation. 
Firs 

Silver  Fir  (Abies  concolor).  The  best  of  the  firs.  Foliage  blue-green  to  blue- 
gray.  A  wonderfully  beautiful  tree,  long-lived  and  thoroughly  successful  in 
the  East.  It  is  much  more  satisfactory  than  any  kind  of  Blue  Spruce,  but, 
like  the  latter,  it  is  very  emphatic  both  in  form  and  color,  and  one  or  two  on  one 
place  should  be  enough. 

Nordmann's  Fir  (Abies  nordmanniana).  The  best  fir  for  dark,  glossy  green 
foliage.  It  is  not  quite  so  hardy  as  the  Silver  Fir,  the  foliage  sometimes 
bummg  on  young  plants. 

Fraser's  Fir  (A  bies  frasert) .  The  foliage  is  finer  than  that  of  the  northern  Balsam 
Fir,  and  the  tree  seems  to  grow  better  in  cultivation;  but  neither  of  tihese 
species  is  as  desirable  for  specimen  planting  as  the  two  firs  named  above. 

SMALL   (From  20  to  30  feet) 

Note. —  All  are  slow-growinjg,  but  may  reach  a  height  of  from  50  to  60  feet. 

Red  Cedar  (Juniperus  virgtniana),  Chmese  Cedar  (Juniperus  chinensis),  and 
both  the  native  Arbor  Vitae,  or  White  Cedar  ( Thuya  occidentaHs) ,  and  the  Oriental 
Arbor  Vitae  ( Thuya  orientalis) .  Both  the  Chinese  Cedar  and  the  Oriental  Arbor 
Vitae  are  handsomer  than  the  native  forms.  Umbrella  Pine  (Sdadopytis  verticil- 
lata).  A  hardy  but  rare  plant,  conspicuous  in  both  form  and  foliage.  The 
leaves  are  clustered  twenty  to  thirty  in  a  whorl,  are  long  and  narrow,  and  are 
dark  glossy  g^reen  in  color. 

These  conical  evergreen  types  are  always  emphatic  and  conspicuous,  and  do 
not  harmonize  readity  with  normal  surroundings  in  America.  As  specimens 
such  evemeens  shoiid  be  used  sparing[ly.  They  are  much  safer  in  solid 
groups.  Even  when  planted  in  mass,  the  mdividuals  themselves  are  so  emphatic 
that  it  takes  years  for  them  to  merge  together  into  a  solid  evergreen  mass.  Com- 
paring a  solid  planting  of  Norway  Spruce  (Picea  excelsa)  with  a  similar  planting 
of  Hemlock  (Tsuga  canadensis),  it  is  seen  that  in  the  former  every  individud 
spruce  is  stiff  and  conical  and  remains  so  for  years,  while  in  the  latter,  even  five 
years  after  planting,  the  hemlocks,  with  their  graceful  habit  and  foliage,  have 
lost  their  individuality  and  merged  into  one  indefinite  mass.  The  hemlock  is  the 
finest  tree  that  can  be  used  for  smd  evergreen  planting. 
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Of  large  conical  evenfreens  the  best  is  Douglas  Fir  {Pseudotsuga  taxifolia 
l=P.  douglasiil)j  called  Douglas  Spruce  or  Oregon  Pine  in  the  West.  This  is  a 
vigorous  grower  of  graceful  habit,  with  soft,  flexible  foliage,  and  is  green  or  gray- 
green  in  color.  In  buying  this,  one  should  be  sure  to  get  the  Rocky  Mountain 
form.    The  Coastal  Plain  form  is  not  hardy  in  the  East. 

Vertical 
Deciduous 

LARGE  (From  50  to  100  feet) 

Lombardy  Poplar  (Populus  nigra  var.  italica).  (See  Rapid-growing  Trees,  below.) 
Bolle's  Poplar  (Populus  alba  var.  hoUeana).  This  is  a  narrow,  upright  form  of 
the  European  White  Poplar  ( P.  alba) ,  and  is  just  as  weak- wooded  and  undesir- 
able. (See  Rapid-growing  Trees,  below.)  Moreover,  the  white  woolly  coating  on 
the  undersides  of  the  leaves  makes  the  tree  very  conspicuous,  and  when  con- 
spicuous color  is  added  to  narrow,  upright  form  the  tree  becomes  too  emphatic 
for  ordinary  use.  The  Lombardy  Poplar,  with  its  normal  green  foliage,  is  a 
much  safer  material  to  use  when  vertical  emphasis  is  needed.  Upright  Sugar 
Maple  (Acer  saccharum  var.  monumenkde) ;  this  is  a  new  and  very  desirable  form; 
narrow  and  upright. 

SMALL  (To  30  feet) 
Pyramidal  English  Oak  (Quercus  pedunculata  var.  fastigata) ;  small  and  short-lived. 
Evei^^reen. —  (These  are  small  tfees,  usually  from  20  to  30  feet  high,  but  may  reach  a 

height  of  from  50  to  60  feet.     All  are  slow-growing.)     Red  Cedar  (Junipcrus  vir- 

gintana).     Arbor  Vitae,  or  White  Cedar  (Thuya  occidentaUs).     Irish  Juniper  (Juni- 

perus  communis  var.  hihemica),  from  15  to  20  feet  high. 

RAPID-GROWING  TREES 

Poplars,  Willows,  Birches,  Soft  Maple,  Ailanthus,  and  Wild  Black  Cherry  (Prunus 

serotina) 

As  a  class,  the  rapid-growing  trees  are  weak-wooded  and  transient.  They  are  cheap, 
and  are  usually  thought  of  as  fillers  for  temporary  or  quick  effects.  The  Cherry  is 
the  most  durable  of  the  lot,  and  the  Ailanthus  and  the  Soft  Maple  are  next  in  order. 
The  Ailanthus  is  the  best  of  all  trees  for  withstanding  the  smoke  and  dust  of  a  dry 
city  tenement  district. 

The  Cottonwood  {Populus  deltoides)  is  the  strongest,  most  enduring,  and  most 
spreading  and  oak-like,  of  all  the  Poplars.  The  Carolina  Poplar  is  nearly  related  to  it, 
but  is  more  upright,  rapid,  and  vigorous.  The  I>ombardy  Poplar  is  the  narrow,  steeple- 
like tree  commonly  planted  throughout  the  State.  It  is  a  very  emphatic  tree  and 
is  like  an  exclamation  point  in  the  landscape.  Sometimes  such  tall  emphatic  points 
are  very  much  desired,  and  at  present  there  is  no  other  tree  so  satisfactory  as  the 
Lombardy  Poplar  to  produce  this  effect.  But  it  is  brittle  and  short-lived,  and  suckers 
abundantly.  For  these  reasons  it  should  be  planted  very  sparingly.  If  it  must  be 
used,  it  should  have  good  soil,  and  plenty  of  it.  The  White,  or  Silver,  Poplar  (Populus 
alba)  has  striking  foliage,  green  above  and  white  woolly  below,  but  it  easily  collects 
dirt  and  soon  becomes  unsightly.  The  tree  grows  very  rapidly,  suckers  abundantly, 
and  is  likely  to  become  a  nuisance. 

In  contrast  with  such  trees  the  Red  Oak  or  the  Sugar  Maple  may  be  considered. 
The  Red  Oak  is  the  most  rapidly  growing  of  the  Oaks,  and  it  given  good  conditions 
it  will  grow  from  one  and  one-half  to  two  feet  in  a  season.  It  Is  much  better  to  plant 
Sugar  Maples  and  Red  Oaks  and  treat  them  well,  than  to  plant  Poplars  and  Soft  Maples 
and  see  them  soon  broken  by  storm  or  deteriorated  by  age.  For  very  dry  situations 
Scarlet  Oak  (Quercus  coccinea)  should  be  used  rather  than  Red  Oak. 

STREET  TREES 
Bad  Street  Trees 

Bad  street  trees  are  of  two  kinds,  rapid-growing  trees  and  conspicuous  trees. 

Rapid-growing  Trees 

Rapid-growing  trees  as  a  class  are  weak-wooded  and  short-lived.  Examples  are 
Poplars,  Soft,  or  White,  Maple  (Acer  saccharinum).  Box  Elder  (Acer  negundo).  Hardy 
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Catalpa  (Calalpa  speciosa),  Ailanthtis,  Sycamore  Maple  (Acer  pseudopkUanus),  Birches, 
Willows,  European  Ash  (Fraxinus  excelsior),  and  Tulip  Tree  (Liriodendron  itUipifera). 

The  Tulip  Tree  is  a  tree  for  the  open  lawn  with  abundant  space  and  moisture.  Its 
wood  is  very  brittle  and  is  easily  broken  by  storm. 

The  Ailanthus  is  often  planted  in  dry  tenement  sections  of  large  cities,  where  every 
spot  is  paved.  It  is  useful  here  only  because  it  will  flourish  imder  these  hard  con- 
ditions. It  is  neither  long-lived  nor  durable,  and  becomes  dangerous  as  it  grows  old. 
With  this  one  exception,  none  of  the  trees  named  above  shoi3d  be  allowed  on  city 
streets. 

The  C€u*olina  Poplar  and  the  Soft,  or  White,  Maple  (Acer  •sacckarinum  l=A.  dasy- 
carpum])  are  planted  entirely  too  much.  It  is  against  the  law  to  plant  either  of  these 
trees  in  many  eastern  cities,  and  also  farther  west,  as  in  Cleveland  and  Minneapolis. 
In  Washington,  D.  C,  these  trees  are  being  taken  out  and  other  trees  planted  in  their 
places.  They  break  easily  in  a  storm,  heave  up  the  pavements,  and  get  into  the  sewer 
pipes.     They  should  not  be  used  as  street  trees  under  any  conditions. 

The  Box  Elder,  or  Ash-leaved  Maple  (Acer  negundo),  is  another  worthless  tree  for 
the  street.  It  is  a  small,  straggling;  tree,  good  for  holding  a  bank  because  it  grows 
and  spreads  so  rapidly.  It  is  used  m  western  street  planting  because  it  is  resistant  to 
drought;  but  there  is  no  justification  for  it  in  the  East,  where  one  may  have  such  ster- 
ling good  trees  as  Elms,  Oaks,  Oriental  Planes,  and  Sugar  and  Norway  Maples.  (See 
descriptions  under  Good  Street  Trees j  below.) 

Conspicuous  Trees 

Conspicuous  trees  that  have  attractive  flowers  and  fruits  to  invite  injury  by  van- 
dalism are  also  bad  trees  for  the  street.  Examples  of  this  class  are  Horse-chestnut 
(/Escuius  hifpocastanum)f  Western  Catalpa  (Catalpa  speciosa).  Common,  or  Black, 
Locust  (Robtnia  pseudacacia),  Flowering  Dogwood  (Cornus  florida).  Magnolia  (either 
Magnolia  conspicua  or  M.  soulangeana,  and  the  like).  Mountain  Ashes  (Sorbus  ameri- 
cana  and  5.  aucuparia),  Hickoty,  Chestnut,  and  others. 

The  Horse-chestnut,  like  the  Soft  Maple,  is  planted  far  too  much  on  city  streets. 
It  is  a  tree  for  the  open  lawn,  and  when  set  in  the  average  dry  city  street  it  not  only 
invites  vandalism  by  its  flowers  and  fruits,  but  also  invariably  suffers  from  lack  of 
water  and  becomes  unsightly  before  the  summer  is  over. 

The  Hardy  Catalpa  is  both  weak-wooded  and  conspicuous  in  flower.  It  also  has 
large,  tender  leaves,  which  easily  collect  dust  and  become  torn  and  ragged  in  a 
storm. 

The  Beech  (Fagus)  is  not  suitable  for  street  planting,  although  it  is  not  mentioned 
above.     It  is  hard  to  get  established,  casts  a  dense  shade,  and  is  worthless  in  dry  soil. 

Good  Street  Trees 

(See  descriptions  below) 

For  Narrow  Streets  (less  than  60  feet  between  buildings). —  The  trees  should  be 
planted  alternately  and  spaced  ao  feet  apart.  The  following  may  be  used:  Pin  Oak 
(Quercus  palustris),  Green  Ash  (Fraxinus  pennsylvanica  var.  lanceolata).  Honey  Locust 
(Gleditsia  triacanthos). 

Note. — In  dry  tenement  districts,  where  every  spot  is  paved,  Ailanthus  should  be 
used  as  recommended  above. 

For  Medium  Streets  (from  60  to  90  feet  between  buildings). —  Trees  should  be 
spaced  40  feet  apart.  The  following  may  be  used:  Oriental  Plane  (Platanus  orien- 
talis),  Norway  Nlaple  (Acer  platanoides),  Maidenhair  Tree  (Ginkgo  biloba). 

For  Wide  Streets  (over  90  feet  between  buildings). —  The  trees  should  be  spaced 
50  feet  apart,  and  where  possible  they  should  be  planted  on  the  lawn  6  feet  inside  the 
sidewalk  line.  This  should  be  agreed  upon  and  carried  out  uniformly  by  all  property 
owners  on  the  street.  The  following  may  be  used:  American,  or  White,  Elm  (Ulmus 
americana),  Red  Oak  (Quercus  rubrc^,  Sugar  Maple  (Acer  saccharum). 

Descriptions  (Arrangement  is  alphabetical  by  scientific  names) 

Norway  Maple  (Acer  platanoides),  A  tough,  hardy,  symmetrical  tree,  adaptable 
to  many  conditions  and  enduring  the  smoke,  dust,  and  drought  of  the  city.  An 
excellent  tree,  but  too  broad  and  low-headed  for  streets  with  wires,  even  if  the 
wires  are  ^arri^  on  the  proper  low  j  8-foot  pole  with  horizontal  arm. 
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Sugar,  or  Hard,  Maple  (Acer  saccharum).  An  excellent  tree  for  wide  streets,  but 
one  that  needs  moisture.  It  always  suffers  from  the  smoke,  dust,  and  rejected 
heat  of  the  city  pavement.  It  is  also  deteriorating  throughout  the  State  because 
of  its  being  planted  in  narrow  streets,  where  there  is  not  sufficient  moisture. 

Tree  of  Heaven  {Ailanthus  glandulosa).  The  best  of  all  trees  for  the  dry  paved 
tenement  district.  This  species  will  grow  anywhere,  endures  smoke  and  dust, 
and  has  rich,  luxuriant  foliage,  without  castin|[  dense  shade.  .The  tree  grows 
rapidly.  The  wood  is  brittle,  and  the  tree  is  likely  to  be  dangerous  when  old. 
Staminate  (male)  trees  have  an  offensive  odor  for  a  few  days  during  bloom,  but 
should  be  used  in  order  to  avoid  the  unsightly  fruit  clusters,  which  hang  on  the 
pistillate  trees  all  winter. 

Hackberry  (Celtis  occidentalis).  Better  than  the  American  Elm  for  smoky  and  dry 
situations.  Of  medium  size,  and  hence  adapted  to  average  streets.  In  the  East- 
em  States  the  Hackberry  has  suffered  from  a  twig  blight  and  from  attacks  by  a 
gall  insect  which  stings  the  buds. 

White,  or  American,  Ash  (Fraxinus  americana).  A  large  tree,  for  use  in  suburbs 
where  the  soil  is  good  and  there  is  considerable  moisture.  The  foliage  is  light, 
appears  late  and  drops  early,  and  is  not. eaten  by  the  gypsy  moth. 

Green  Ash  {Fraxinus  pennsylvanica  var.  lanceokUa):  Small  and  hardy.  Grown  for 
narrow  streets  where  only  moderate  shade  is  wanted. 

Maidenhair  Tree  (Ginkgo  bUoba).  Hardy  as  far  north  as  Boston,  Buffalo,  Cleveland, 
and  Springfield  (Illinois).  Grows  rapidly  on  almost  any  soil.  Develops  a  cylin- 
drical or  conical  head,  and  has  light  foliage,  both  of  which  characters  adapt  it  for 
use  on  streets  of  average  width.  The  tree  remains  narrow  for  forty  or  fifty  years 
and  then  broadens  out  with  wide-reaching  limbs.  The  nuisance  arising  from  its 
fleshy,  oily  fruits  on  pavements  is  obviated  by  using  only  male  trees.  This  variety 
is  increasm|;  in  favor  and  promises  to  be  one  of  the  most  valuable  of  street  trees. 
It  is  less  injured  by  insects  than  any  other  street  tree. 

Honey  Locust  (Glediisia  triacanthos).  Is  very  hardy,  and  grows  well  on  many  sofls. 
Foliage  light,  opening  late  in  spring  and  droppmg  early  in  the  fall.  Good  for 
streets  or  courtyards  where  dense  shade  is  not  wanted.  Of  medium  size.  A 
thomless  variety  can  be  procured. 

Sweet,  or  Red,  Gum  (Liquidambar  styraciflua).  A  common  native  tree  in  the  South, 
and  hardy  as  far  north  as  is  the  Ginkgo.  It  is  one  of  the  best  street  trees,  having 
attractive,  star-shaped,  glossy  foliage,  and  a  beautiful  autumn  color.  It  thrives 
best  in  moisture,  and  therefore  grows  better  in  clay  than  in  sand,  but  it  adapts 
itself  to  many  conditions.  The  tree  is  of  medium  size,  with  a  narrow,  symmetrical 
crown. 

Tulip  Tree,  or  Whitewood  (Liriodendron  ttdipifera).  A  large,  magnificent  tree  for 
use  in  suburbs.  Requires  rich,  well-drained  soil  and  plenty  of  room.  Foliage 
clean  and  glossy,  little  infested  by  insects.  The  wood  is  very  brittle  and  the 
limbs  break  easily. 

Oriental  Plane  (Platanus  orientalis).  An  excellent  street  tree,  medium  to  large 
in  size.  Grows  rapidly  and  is  symmetrical.  Has  good  foliage,  little  infested  by 
insects.  A  favorite  tree  in  Paris  and  Washin^on,  which  have  the  best  street 
trees  in  the  world.  Not  injured  by  the  twig  blight,  which  is  often  so  serious  on 
the  native  Sycamore  (Platanus  ocdtdentalis). 

Scarlet  Oak  (Quercus  coccinea).    Resembles  Red  Oak,  but  grows  better  in  dry  soil. 

Pin  Oak  (Quercus  palustris).  Of  medium  size,  but  taller  and  more  slender  and 
formal  than  most  oaks.  Stem  very  straight,  lower  branches  drooping.  Grows 
best  in  a  moist  situation,  but  adapts  itself  to  other  conditions.  The  best  of  all 
the  Oaks  for  narrow  or  medium  streets. 

Red  Oak  (Quercus  rubra).  Valuable  for  wide  suburban  streets.  Cannot  grow  in 
pavements,  but  will  stand  comparatively  poor  and  dry  soil.  Grows  more  rapidly 
than  any  other  Oak,  but  does  not  thrive  in  wet  situations. 

European  Linden  (Tilia  europaa).  Much  better  than  the  native  Basswood  for 
streets.  More  formal  in  outline  and  more  rapid  in  growth  than  the  Maples  and 
Oaks  named  above.  When  once  established  it  will  withstand  dry  city  conditions 
very  well.     It  may  be  used  on  both  medium  and  narrow  streets, 

American  Elm  (  Ulmus  americana).  The  best  of  all  street  trees  when  given  a  proper 
situation  in  a  suburb  with  open  parking  space  between  walk  and  curb,  and  with 
good  air  and  water.    The  tree  reaches  a  height  of  from  80  to  100  feet. 
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hedge  plants 

Plants  used  in  a  hedge  should  be  kept  broad  at  the  bottom  and  narrower  at  the 
top.     This  gives  the  lower  branches  more  light  and  keeps  them  from  d^g  out, 
A  hedge  should  be  trimmed  before  growth  starts  in  the  spring,  and  agam  hghtly 
in  late  summer  or  fall,  merely  to  even  up  long  and  irr^ular  growth. 
LARGE  (Prom  7  to  10  feet) 

Deciduous. —  Ibota  Privet  (Ligustrum  ibota),  Amur  Privet  (Ligustrum  amurense). 
Common  Privet  (Ligustrum  vidgare).  Buckthorn  {Rhamnus  catharUca).  European 
and  American  Hornbeam  (Carpinus  hetulus  and  C  caroUniana),  American  Beech 
(^agus  ferruginea  [=^F.  atnericana]).  The  first  three  named  are  the  best  deciduous 
hedge  plants  for  the  North.  The  Common  Privet  (Ligustrum  vulgare)  is  more  nearly 
evergreen  than  the  other  two,  retaining  good  foliage  until  Christmas.  The  Cah- 
fomia  Privet  (Ligustrum  ovalifolium)  is  a  Chinese  plant  introduced  through  California 
and  much  used  for  hedges,  especially  farther  south.  It  is  nearly  evergreen,  like  the 
Common  Privet,  but  is  often  killed  to  the  ground  even  in  southern  New  York. 

Bvergreen. —  Arbor  Vitae,  or  White  Cedar  (Thuya  occident^is).  Norway  Spruce 
(Picea  excelsa).  Hemlock  (Tsuga  canadensis).  Hemlock  is  the  most  expensive,' 
but  is  the  finest,  of  adl  these.  Retinosporas  (Chamaecyparis)  are  sometimes  used, 
but  are  not  so  satisfactory  in  the  North  as  is  Hemlock  or  Arbor  Vitae.  The  same 
is  true  of  Japanese  Holly  (Ilex  crenata),  which  is  the  handsomest  hedge  plant  on 
the  market,  but,  like  Caltfomia  Privet,  is  not  safe  for  general  recommendation 
north  of  New  York  City.  A  small-leaved  form  known  as  var.  microphylla  has 
grown  for  several  years,  unprotected,  in  the  Rochester  parks  and  in  the  Arnold 
Arboretum  at  Boston,  and  is  well  worthy  of  trial. 
SHALL  (From  3  to  5  feet) 

Deciduous. —  Regel's  Privet  (Ligustrum  ibota  var.  regelianum);  from  ^  to  6  feet 
high,  a  lower  form  of  the  Ibota  Privet  and  the  most  graceful  of  all  Privets.  Jap- 
anese Barberry  (Berheris  thunbergii);  dense  and  graceful,  and  needing  very  httle 
pruning;  the  best  smiall  hedge  plant.  Japanese  Quince  (Cydonia  japonica) ;  coarser 
than  the  Japanese  barberry,  and  very  subject  to  San  Jos^  scale.  Siberian  Dog- 
wood (Cornus  alba  var.  sibirica);  this  should  be  cut  to  the  ground  in  the  spring; 
vigorous  growth  results,  making  bright  red  stems  which  are  very  attractive  through- 
out the  winter. 

Evergreen. —  Box  (Buxus  sempervirens) ;  not  hardy  in  all  parts  of  the  State,  but 
practically  the  only  common  evergreen  for  a  small  hedge.  Japanese  Box  (Buxus 
japonica) ;  a  hardy  Box  just  coming  into  commercial  use;  the  foliage  is  a  bright 
or  a  yellowish  green;  as  a  specimen  plant  this  is  also  looser  and  more  graceful 
than  B.  sempervirens.  Evonymus  raaicans;  this  is  the  original  type,  with  small, 
narrow  leaves,  from  which  the  larger-leaved  varieties,  vegeta  and  carrieri,  have 
developed ;  it  will  surely  prove  successful  in  small  hedges  as  soon  as  it  is  better 
known;  a  variegated  form  is  already  on  the  market.  Dwarf  Japanese  Yew  (Tcmus 
cuspidata  var.  orevifolia) ;  this  is  a  very  handsome,  compact  form ;  like  the  original 
type  ( r.  cuspidata),  it  is  very  hardy  and  remains  a  rich  dark  green  all  winter,  even 
in  full  sunlight ;  it  will  endure  clipping,  and  is  certain  to  prove  of  great  value  in 
landscape  work  in  the  future.  (See  Evergreen  Shrubs,  below,  and  A  New  Nursery 
List,  page  857.)  Two  other  dwarf  evergreens  should  be  tried  for  low  hedges: 
Taxus  baccata  var.  repandens,  a  low,  hardy  form  of  the  English  Yew,  with  gracaul, 
recurving  habit;  and  Juniperus  sabina  var.  tamariscifolia,  a  very  neat,  picturesque 
Juniper.     (See  A  New  Nursery  List,  page  857.) 

SHRUBS 

Evergreen  Shrubs 

(Arrangement  is  alphabetical  by  scientific  names.    See  Low  Woody  Plants  for  Ground 

Cover,  page  852;  Low  Woody  Plants  for  Rock  Garden  or  Small  Edging,  page  853) 

Andromeda  [==  Pieris]  flortbunda.     Low  and  compact,  from  2  to  3  feet  high. 
Evonymus  radicans  in  variety.    A  shrubby  vine.     (See  Vines  for  Brick  and  Stone, 


page  849.) 
Inkb 


Inkbory  (Ilex  glabra),    A  graceful  shrub,  from  3  to  4  feet  high.     Berries  black. 
American  Holly  (Ilex  opcLca).    A  small  tree,  hardy  as  far  north  as  Cape  Cod.     Leaves 

evergreen  and  berries  red.     Very  difficult  to  transplant.  ^  Best  when  moved  in 

spring  with  leaves  stripped  oflf. 
52 
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Juniperus  communis  var.  montana  (===var.  adpressa  and  var.  nana  in  commerce). 

This  is  a  low  form  of  the  Common  Juniper.     The  shrub  spreads  into  broad  mats 

about  I  foot  high.     The  foliage  often  becomes  brown  in  winter,  like  that  of  the 

Red  Cedar. 
Juniperus  sabina.    A  shrub  from  4  to  6  feet  high,  with  ^reading  branches.     The 

foliage  is  dark  green  all  winter.     The  plant  is  very  hardy,  and  will  grow  in  dry, 

stony  soil. 
Mountain  Laurel   (Kalmia  UUiJolia).    The  best  broad-leaved  evergreen  shrub  for 

general  use,  growing  from  5  to  8  feet  high,  or  higher.     The  plant  is  not  so  exacting 

as  is  Rhododendron,  althotigh  the  best  growth  results  when  soil  conditions  are  as 

those  described  below  for  Rhododendrons.     The  foliage  does  not  curl  up  in  cold 

weather  as  Rhododendron  foliage  does. 
Leucoihoe  catesbai.    An  arching  shrub  growing  from  2  to  3  feet  high,  with  laxge,  dark 

leaves. 
Oregon  Grape  (Mahonia  aquifolium).     The  commonest  Mahoni^,  from  2  to  3  feet 

high.     The  foliage  is  dark  green  and  glossy,  but  it  will  bum  in  winter  unless  the 

shrub  is  planted  where  it  is  protected  from  the  winter  sun. 
Mahonia  repens.    The  lowest  and  hardiest  Mahonia,    i   foot  high.    The  foliage 

bronzes  in  winter,  but  does  not  bum  even  in  full  sunlight.     (See  under  Low  Woody 

Plants  for  Ground  Cover,  page  853.) 
Rhododendrons.     (See  below.) 
Taxus  haccata  var.  repandens.    Low  and  recurving,  from  18  inches  to  2  feet  high. 

The  hardiest  form  of  English  Yew.     The  foliage  remains  of  a  good  green  color  in 

full  winter  sunlight. 
Native  Yew,  or  Ground  Hemlock  (Taxus  canadensis).    Grows  best  in  shade.     (See 

Low  Woody  Plants  for  Ground  Cover,  page  852. ) 
Japanese  Yew  (Taxus  cuspidata).    The  best  of  all  Yews.     Foliage  fine  dark  green, 

even  in  full  winter  sunlight.     Plant  is  found  in  Japan  in  many  forms,  from  shrubs 

to  trees.     The  largest  specimens  in  America  are  spreadine  shmbs  from  8  to  10 

feet  high.  Var.  hrevifolia  is  a  low,  compact  form.     (See  Hedge  Plants,  page  817.) 


Rhododendrons 

(The  five  varieties  marked  with  an  asterisk  are  suggested  as  a  selection. 
May;  Medium  =  early  June;  Laie  =  middle  June) 


Early  =  late 


Color 
White 


Pink 


Variety  name  Size        Bloocmns  period 

Boule  de  Neige  Small  Early 

Catawbiense  album  (tinged  with  light        Medium      Early 

lavender) 

♦Album  elegans  Large 

Delicatissimum  (blush  white)  Medium 

Carolinianum  (lavender  pink)  Small 

Lady  Armstrong  Medium 


Rose-colored 
Scarlet  or  crimson 


Lavender 


Medium 
Late 

Very  early 
Early  to 

medium 
Medium 
Early 
Early 
Early 
Medium 
Late 


♦Mrs.  C.  S.  Sargent  Medium 

Roseum  elegans  (rosy  lavender)  Medium 

Kettledrum  Small 

Charles  Dickens  Medium 

•Caratacus  Medium 

H.  W.  Sargent  Medium 

•Everestianum  Medium 

Lady  Gray  Edgerton  (Silvery  lavender)  Medium 

Purple  Kissena  (petals  crimped,   light  purple  Medium 

with  white  center;  habit  compact) 

•Purpureum  elegans 

Note. —  The  red  should  be  separated  from  the  lavender  and  the  purple  by  white. 
Charles  Dickens  and  Everestianum  clash  if  planted  side  by  side.  There  should  be  good 
drainage,  no  lime,  and  plenty  of  fine  wood  soil.  The  roots  should  be  kept  cool  and 
moist,  winter  and  simimer,  by  a  mulch  of  leaves,  and  by  water  in  summer  when  dry. 
Protection  from  sweeping  wmds  should  be  provided,  but  there  is  no  danger  from  ex- 
posure to  the  winter  sun  provided  tb^  rwts  are  right. 


Early 

Medium 

Early 


Medium      Medium 
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Lilacs  (Genus  Syringa) 

Lilac  species  in  order  of  bloom  (May  i  to  July  i) 

S.  oblata,  hyacinthiflora,  affinis,  giraldii,  inUgaris  varieties,  pubescens,  chinensis  (Rouen 
Lilac),  persica,  josikcBa,  henryi  vax.'lutece,  villosa,  emodi,  amurensis,  pekinensis, 
japonica,     (Some  of  these  are  still  rare  in  American  nurseries.) 

Varieties  of  Syringa  vulgaris,  the  Common  Garden  Lilac  (late  May) 

Note. — *  indicates  a  good  selection ;  **indicates  first  choice.    Colored  varieties  should 
be  separated  by  white  varieties  unless  one  is  sure  the  colors  will  harmonize. 

WhiU 

Early  single       **Marie  Le  Graye,  Vestale  Bertha  Alexander,  Virginalis 

Medium  single      Alba  grandiflora,  **Prau  Bertha  Damman,  Princess  Alexander 

Medium  double  *Madajrne  de  Miller  (dwarf) 

Late  single  Alba  pyramidalis 

Late  double  Madame  Lemoine,  **Miss  Ellen  Willmot 

Pink  to  rosy  lilac 

Medium  single  **Charles  X  (rosy  lilac),    Dr.  Kegel,    Gloire  de   Moulins,  Lilarosa, 

**  Machrostachia,  Rubra  insignis 
Medium  double    Antoine  Buckner,  Compte  de  Kerchove,    *  Emil  Lemoine,  Fuerst 

Lichenstein,  Maxime  Comu 
Late  single  Othello 

Blue  to  bluish  lavender 

Early  single       **BleuAtre,  Coerulea  suijerba 

Medium  single      Jacques  Callot,  *  Justi,  Madame  Briot 

Medium  double    Doctor  Masters,  ** President  Qr6vy  (semi-double),  Victor  Lemoine 

Late  single  Gilbert 

Deep  purple-red  to  reddish 

Early  single       **Philemon 

Medium  single    *Danton,  Milton,  Pasteur,  Uncle  Tom 

Medium  double  *Le  Tour  Auvergne,   Marshal  de  Boussompierre,  Souvenir  de  L. 

Thibaut 
Late  single  *Aline  Mocquery,  **  Congo,  Ludwig  Spaeth,  Toussaint  TOuverture 

Late  double         *Charles  Joly 

Rouen  Lilac  (Syringa  chinensis  [=  S.  rothotnagensis])  blooms  a  little  later  than  the  early 
varieties  named  above.  An  old,  well-known  form,  a  hybrid  between  the  Common 
Lilac  (5.  vulgaris)  and  the  Persian  Lilac  (5.  persica).  Has  better  foliage  than  the 
Persian  Lilac,  and  a  much  more  free  and  graceful  habit  than  the  Common  Lilac. 
Both  white  or  pale  blue-lavender  and  reddish  lavender  varieties  are  on  the  market. 
What  is  conmionly  called  Persian  Lilac  is  usually  this  hybrid,  the  Rouen  Lilac. 

Garden  Roses  for  New  York  State 
(For  Rambler  Roses,  see  page  850;  for  other  Roses,  see  index) 

Hybrid  Perpetuals,  or  Remontant  Hybrid  Teas 

(Hardy)  (Less  hardy,  but  more  continuous  in  bloom, 

than  hybrid  perpetuals) 

White  White 
Frau  Karl  Druschld  White  Killamey 

Margaret  Dickson  Kaiserin  Augusta  Victoria 

Light  pink  Pink 
Mrs.  John  Laing  Killamey 

Madame  Gabrid  de  Luizet  Caroline  Testout 

Pink  Crimson 
Magna  Charta  Gruss  an  Teplitz 

John  Hopper  G.  B.  Clark 
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Hybrid  Perpetuals,  or  Remontant  Hybrid  Teas 

(Hardy)  (Less  hardy,  but  more  continuous  in  bloom, 

than  hybrid  perpetuals) 
Carmine-pink  Yellow  or  orange 

Paul  Neyron  Dean  Hole 

Mrs.  R.  G.  Shennan  Crawford  Gloire  de  Dijon 

Cherry  red  Mrs.  Aaron  Ward 

Ulrich  Brunner 

Marshall  P.  Wilder 
Bright  crimson 

Mfred  Colomb 

General  Jaqueminot 
Dark  crimson  and  maroon 

Earl  of  Dufferin 

Pierre  Notting 
Yellow  or  orange 

Ulster 

Soleil  d'Or 

Note. — Another  yellow  Rose,  hardier  than  any  of  the  above,  is  Harrison's  Yellow. 
This  is  an  old  favorite,  and  is  perfectly  hardy  without  protection  of  any  kind.  It  is 
a  vigorous  grower,  with  an  abundance  of  pale  yellow,  semi-double  flowers  early  in 
June.  It  is  believed  to  be  a  hybrid  of  the  Scotch  Rose  {Rosa  spinosissima)  and  the 
Austrian  Brier,  which  has  been  known  by  several  names,  such  as  Rosa  eglanieria,  R. 
lutea,  R,  sulfhurea,  and  so  forth,  but  is  now  called  Rosa  fatida.  The  Persian  Yellow 
is  a  double  form  of  the  Austrian  Brier  {Rosa  JoUida  var.  plena) ;  the  Copper  Austrian 
is  another  variety  {Rosa  fcetida  var.  bicolor),  with  flowers  orange  insicie  and  yellow 
outside.  All  these  forms  of  Rosa  fcetida  are  very  handsome,  but  in  the  Nortibem 
States  they  are  short-lived  and  lack  the  vigor  of  Harrison's  Yellow. 

Regarding  the  pruning  of  Roses,  it  must  be  remembered  that  both  Harrison's  Yellow 
and  all  the  Rosa  fcetida  forms  produce  their  flowers  from  the  upper  ends  of  the  old 
wood,  and  therefore  will  stand  very  little  pruning.  The  process  shotdd  be  one  of 
thinning  out,  rather  than  cutting  back,  and  should  consist  mainly  in  the  removal  of 
weak,  diseased,  or  unnecessary  wood.  In  this  respect  these  Brier  Roses  are  like  all  the 
hardy  Shrub  and  Rambler  Roses,  and  differ  entirely  from  the  Garden  Roses  listed 
above.  Hybrid  Perpetual,  or  Remontant,  and  Tea  Roses  are  cut  back  one-half  in  the 
fall,  and  again  in  the  spring  to  eight  or  ten  inches  above  the  ground. 

Beny-bearing  Shrubs 

(Deciduous  unless  otherwise  stated.     Arrangement  is  alphabetical  by  scientific 

names) 
Small  (Prom  2  to  4  feet) 

Note. —  The  plants  in  this  group  sometimes  reach  5  or  6  feet  in  height,  but  they 

are  not  rank  growers  and  can  be  easily  cut  back  if  they  become  too  large. 

Red  Chokeberry  {Aronia  [=Pyrus]  arbutifolia).     Berries  red. 

Black  Chokeberry  {Aronia  [=  Pyrus]  nigra).    Berries  black. 

Note. —  These  two  Aronias  will  grow  from  6  to  8  feet  high,  but  are  best  if  kept 

low  and  vigorous  by  frequent  thinmng  out  and  renewal  from  the  base. 

Japanese  Barberry  {Berberis  thunbergii).    Berries  scarlet. 

Inkberry  {Ilex  glabra),    A  slender,  bushy  evei^reen,  with  glossy  leaves  and  black 
berries. 

Regel's  Privet  {Ligustrum  ihota  var.  regelianum).    A  low  form  of  the  Ibota  Privet, 
from  4  to  6  feet  high,  and  the  most  graceful  of  all  the  Privets.  Berries  small,  blue- 
black  with  gray  bloom,  in  lateral  nodding  clusters.     (See  page  827.) 
.   Wild  Roses,  especially  Rosa  lucida. 

Snowberry  {Symphoricarpos  racemosus).    Berries  white. 

Coralberry  {Symphoricarpos  vulgaris).     Berries  dark  red. 

Maple-leaved  Viburnum  ( Viburnum  acerifolium).    Berries  black. 
Medium  (Prom  6  to  8  feet) 

Common  Barberry  {Berberis  vulgaris).    Berries  dark  red. 

Silky  Dogwood  {Comus  amomum  [=  C.  sericea]).    Berries  blue  or  bluish  white. 
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Panicled .  Dogwood   (Comus  panicukUa   [=  C.   candidissima]).    Berries  white,   on 

pink  stems. 
Red  Osier  Dogwood  (Comus  stolonifera).    Berries  white. 
Gumi  {EUBagnus  mulHflora  [=  E.  longipes]).    Berries  red  and  edible,  ripening  in 

late  June  or  early  July. 
Winterberry  (Ilex  verticiUata).    Berries  orange  all  winter.    These  plants  are  dioecious 

(that  is,  the  sexes  are  separated,  on  different  plants),  and  fruiting  plants  must  be 

selected. 
Bayberry    (Myrica  carolinensis),     (See  also  JIf.  cerifera  in  index.)     Has  beautiful 

gray,  waxy,  fragrant  berries  all  winter.     Plants  are  dioecious,  like  Winterberry. 
Roses,  especially  the  Japanese  roses  Rosa  rugosa  and  R.  multiflora^  and  the  Sweet- 
brier  R.  rubiginosa. 
Red  Elderberry  (Sambucus  racemosa).    Red  in  July  at  the  s^une  time  when  the 

Black  Elderberry  (S.  canadensis)  is  in  white  flower.     (See  5.  canadensis,  under 

Large.) 
High  Bush  Blueberry  (Vaccinium  corymbosum).    Has  beautiful  small,  creamy  white 

flowers,  abundant,  edible  fruit,  and  splendid  scarlet  foliage  in  the  fall. 
Withe-rod  (Viburnum  cassinoides).    Berries  first  pink  and  then  bluish  black. 
Viburnum  dilitatum.    Has  small  red  berries. 
Viburnum  wrightii.    This  and  7.  o^/tw  are  the  best  red-berried  Viburnums.     Berries 

are  larger  than  those  of  V.  dUiiatum,  and  foliage  is  a  handsome  dark  glossy  green. 

Large  (From  10  to  15  feet) 

Alternate-leaved  Dogwood  (Comus  aUemifoUa)  A  small  tree,  to  20  feet,  with 
blue  berries  on  red  stems. 

Flowering  Dogwood  (Comus  florida),  A  small  tree,  to  20  feet,  with  shining  red 
berries. 

Washington  Thorn  (CraUsgus  cordata).  The  finest  of  all  the  Thorns.  Has  small, 
orange-red  berries  in  clusters  all  winter.     (See  page  833.) 

American  Holly  (Ilex  opaca).  A  small  evergreen  tree,  hardy  to  Cape  Cod,  very 
difficult  to  transplant.  Best  moved  in  spring  with  leaves  stripped  off.  Berries 
red. 

Ibota  Privet  (Ligusirum  ibota).  Habit  light  and  spreading.  Berries  small,  blue- 
black  with  gray  bloom,  in  lateral  nodding  clusters. 

Common  Privet  (Ligusirum  vulgare).  Berries  black  and  shining.    (See  page  834.) 

Tartarian  Honeysuckle  (Lonicera  tatarica).  The  common  Bush  Honeysuckle. 
Berries  reddish  in  early  July. 

Buckthorn  (Rhamnus  cathartica).    Berries  black. 

Common  Black  Elderberry  (Sambucus  canadensis).    Berries  black. 

Mountain  Ash  (Sorbus  americana  [native]  and  S.  aucuparia  [European]).  The 
latter  is  the  form  more  common  in  cultivation.  A  tree,  to  40  feet,'  with  hand- 
some orange  berries  in  nodding  clusters  all  winter. 

Symplocos  craUegoides,    Berries  a  beautiful  clear  intense  blue. 

Arrowwood  ( Vwurnum  dentatum).    Berries  blue  to  bluish  black. 

Wayfaring  Tree  ( Viburnum  lantana).  Berries  red,  changing  to  almost  black,  very 
handsome. 

Nannyberry  ( Viburnum  lentago).    Berries  blue-black,  with  gray  waxy  bloom,  edible. 

High  Bush  Cranberry  (Viburnum  opulus).    Berries  red  and  acid. 

Bkick  Haw  ( Viburnum  prunifolium).  Berries  blue-black,  with  gray  waxy  bloom, 
edible. 

Vines  with  Attractive  Fruits 

(Arrangement  is  alphabetical  by  scientific  names) 

Amfiehpsis  helerophylla.    Foliage  light  green,   grapelike.     Berries    greenish    white, 

tmged  first  with  pink  and  then  with  light  blue,  very  distinct. 
Virginia  Cre^er,  or  Five-leaved   Ivy   ( A  mpelopsis  quinquefoUa,  now  caHed  Partheno- 

ctssus  quinquefoUa).    Has  dark  blue  berries  on  red  stems. 
Climbing  Bittersweet  (Celastrus  scandens).     Has  orange  and  red  berries  all  winter. 
Clematis  tangutica.    A  handsome  new  plant.    Fruit  tassels  yellow  and  nodding,  more 

plumelike  than  those  of  C.  virginiana, 
Virgin's-bower  (Clematis  virginiana).    Vine  covered  with  a  mass  of  feathery  white 

fruits. 
Evonymus  radicans  var.  vegeta.    The  hardiest  evergreen  vine.    Fruits  orange  and  red, 

like  those  of  Bittersweet,  but  care  must  be  taken  to  get  fruiting  forms. 
Chinese  Matrimony  Vine  (jLycium  chinense).    Berries  bright  red. 
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Woody  Plants  with  Fruits  AttractiYe  to  Birds 
(Prepared  by  R.  E.  Horsey  and  William  L.  G.  Edson,  of  Rochester,  New  York) 
Note. — Plants  marked  with  an  asterisk  are  also  attractive  as  nesting  sites.    Those 
marked  with  two  asterisks  have  fruit  in  winter,  fumi^ing  food  for  birds.    Arrange- 
ment is  alphabetical  by  scientific  names. 

•Five-leaved  Ivy,  or  Virginia  Creeper  (Ampdopsis  guinguefolia,  now  called  Partheno- 

cissus  quinquefolia), 
Boston  Ivy  {Ampelopsis  veitckii  [=  A,  tricuspidatdly  now  called  Parthenocissus  tri- 

cuspidaUi), 
Red  and  Black  Chokeberries  {Aronia  [=  Pyrus]  arbutifoHa  and  A.  nigra), 
Spicebush  {Benzoin  cestivale  [=B.  odoriferum]). 

♦  ••Japanese  Barberry  (Berberis  thunbergU).    The  berries  are  not  often  eaten  when 

other  fruits  are  abundant,  but  the  shrubs  furnish  good  nesting  sites. 

♦  ♦•Common  Barberry  (Berberis  vulgaris  and  varieties). 
••Black,  or  Cherry,  Birch  (Beitda.  lenta), 
•♦Yellow  Birch  (Bettda  lutea). 

Red  Birch  (Betula  nigra).    All  the  birches  furnish  food  in  fall  and  winter  except 
the  Red,  or  River,  Birch,  the  fruit  of  which  ripens  from  June  to  September. 
♦•White  Birch  (Betula  pendula  [B.  alba]  and  B.  pap'yrtfera) . 
Hackberry  (Celtis  occidenUUis), 
•Dogwoods  (Cornus  alba,  C.  altemifolia,  and  C.  circinata). 

♦  ♦♦White-flowering  Dogwood    (Cornus  florida).     Very  desirable  for  its  ornamental 

value,  both  in  flowers  and  in  fruits,  as  well  as  for  bird  food. 
♦Cornelian  Cherry  (Cornus  mas.) 

♦  ♦♦American  Hawthorns  (CraUegus  coccinea  and  allied  species). 

♦  ♦♦English  Hawthorn  (Crata^us  oxyacantha). 

♦♦Weigela,  or  Diervilla  (Dtervilla  hybrida  in  variety).    The  seeds  are  fredy  eaten 

in  winter  by  slate-colored  juncos,  tree  sparrows,  redpolls,  and  pine  siskins. 
♦♦Oleaster,  or  Wild  Olive  (Elceagnus  angustifolia). 
Gumi  (Elaagnus  multiflora  [=  E.  longipes]). 

Japanese  Oleaster  ( Elaagnus  multiflora  var.  ovata) .    As  soon  as  the  fruit  ripens  in  July 

It  is  attacked  by  robins,  catbirds,  and  cedar  waxwings,  and  the  tree  is  soon  stripped . 

♦Spindle  Tree  (Evonymus  bungeana,  E,  sieboldiana,  and  E.  europaa.     Fruits  are 

eaten  by  the  myrtle  warbler. 
Wintergreen  (GauUheria  procumbens). 
Black  Huckleberry  (Gaylussacia  resinosa  \==G.  baccaia]). 
♦♦Shrubby  St. -John's- wort  (Hypericum  prolificum).     In  winter  slate-colored  juncos, 
tree  sparrows,  and  redpolls  are  always  found  feeding  on  the  minute  seeds  of 
this  plant. 

♦  ♦♦Common  Juniper  (Juniperus  communis). 

♦  ♦♦Irish  Juniper  ( Juniperus  communis  var.  hibernica). 

♦  ♦♦Red  Cedar  (Juniperus  virginiana).    A  favorite  food  of  cedar  waxwings  and  myrtle 

warblers. 
♦♦American  and  European  Larches  (Larix  americana  and  L.  europcBa). 

♦  ♦♦Common  Privet  (Ligustrum  vulgar e). 

Bush  Honeysuckles  (Lonicera  bellaoxid  varieties).  These  are  hybrids  of  L.  morrowii. 

and  L.  tatarica, 
Japanese  Honeysuckle  (Lonicera  japonica). 

Morrow's  Honeysuckle  (Lonicera  morrowii).    Very  attractive  to  birds. 
Ruprecht's  Honeysuckle  (Lonicera  ruprechtiana). 
♦Tartarian  Honeysuckle  (Lonicera  tatarica). 
♦Matrimony  Vines  (Lycium  halimifolium  and  L.  chinense). 
Partridge  Berry  (Mitchella  repens). 

Mulberries  (Morus  alba  and  M.  rubra).     One  of  the  best  bird  foods. 
♦♦Bayberry,  or  Candle-berry  (Myrica  carolinensis) .     (See  also  M.  cerifera  in  index.) 
The  best  food  to  attract  and  hold  the  myrtle  warblers. 
♦Sour  Gum,  or  Tupelo  ( Nyssa  sylvatica). 

♦White,   Black,  and  Japanese   Spruces  (Picea  canadensis  [=  P.  alba],  P.  mariana 
[=  P.  nigra],  and  -P.  polita). 

♦  ♦♦Austrian  Pine  (Pinus  austriaca). 

♦  ♦♦Red  Pine  (Pinus  resinosa). 

♦  ♦♦White  Pine  (Pinus  strobus). 

Note. —  All  the  Pines  attract  crossbills  and  grosbeaks. 
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Mahaleb  Cherry  (Prunus  makaleb).    The  best  of  the  wild-cherry  bird  foods. 

Euroi)ean  Bird  Cherry  (Prunus  padus). 

Wild  Red,  or  Bird,  Cherry  (Prunus  pennsylvanica). 

Sand  Cherry  (Prunus  pumila). 

Wild  Black  Cherry  (Prunus  serotina), 

*  **Flowering  Crab  (Pyrus  flortbunda).    The  best  winter  food  for  cedar  waxwings, 

robins,  northern  flickers,  pheasants,  and  pine  and  evening  grosbeaks. 

*  **Buckthom  (Rhamnus  cathartica). 

Fragrant  Sumac  (Rkus  canadensis  [=«=  R,  aromaftca]). 
•Shining  Sumac  (Rhus  copallina), 
**Smooth  Sumac  (Rhus  glabra). 
♦*Stf  ghom  Sumac  (Rhus  typh^.na  [=  R,  hirta]). 
Moimtain  Currant  (Ribes  alpinum).    The  most  desirable  of  the  Currants. 
Buffalo  Currant  (Rtbes  aureum). 
Blackberries  and  Raspberries,  as   *Rubus  alleghentensis,  R.  occidentalism  and  R. 

odoratus. 
*Black  Elderberry  (Sambucus  canadensis). 
Red  Elderberry   (Sambucus  racemosa  [=  5.  pubens]).    The  best  of  the  Elders  for 

bird  food. 
Sassafras  (Sassafras  officinale  [==  S.  variifolium]). 
Buffalo  Berry  (Shepherdia  argentea). 
Rabbit  Berry  (Shepherdia  canadensis).  , 

•Greenbrier  (Smilax  rotundifolia) . 
Nightshade,  or  Bittersweet  (Solanum  dulcamara). 
**Mountain  Ash  (Sorbus  americana  and  S.  aucuparia).    As  the  brjg[ht  red  berries 
hang  on  the  trees,  about  Christmas  time,  these  trees  add  to  a  winter  landscape 
by  their  ornamental  appearance.     They  also  furnish  very  good  bird  food. 
*Snowberry  (Symphoricarpos  racemosus). 
*Coralberry  (Symphoricarpos  vulgaris). 
Hemlock  (Tsuga  canadensis). 

•American,  English,  and  Scotch  Elms  (  Ulmus  americana,    U.  campestre,  and    U 
scabra).     These  trees  furnish  food  for  goldfinches  and  nesting  sites  for  Baltimor 
orioles. 
Blueberries  ( Vaccinium  corymbosum  in  variety). 
♦Viburnums  ( Viburnum  acerifolium,  V.  dentatum,  V.  lantana,  V.  lenlago,  V.  pruni 

folium,  V.  puhescens,  V.  tomentosum,  and  V.  venosum). 
High  Bush  Cranberry  ( Viburnum  opulus). 
Grapes  (Vitis). 

Woody  Plants  with  Good  Autumn  Color 

(Those  marked  with  an  asterisk  are  the  best.     Arrangement  is  alphabetical  by 

scientific  names) 
Red  or  orange 

*Acer  ginnala.    A  shrub  or  small  tree,  to  20  feet,  of  very  brilliant  autumn  color. 
*Red  Maple  (Acer  rubrum).     Foliage  changes  color  early,  and  sometimes  is  a  clea/ 

yellow  instead  of  red. 
•Sugar  Maple  (Acer  saccharum). 
Shadbush,  or  Juneberry  (Amelanchier  canadensis). 
*Five-leaved  Ivy,  or  Virginia  Creeper  (Ampelopsis  quinquefolia,  now  called  Pariheno- 

cissus  quinguefolia) .     Changes  early;  the  first  vine  to  color  in  the  fall. 
•Boston  Ivy  (Ampelopsis  veitchii   [=  A.  tricuspidala],  now  called    Parthenocissus 

tricuspiaata). 
•Red  and  Black  Chokeberries  (Aronia  [=  Pyru^]  arbutifolia  and  A.  nigra). 
•Japanese  Barberry  (Berberis  thunbergii). 
Hornbeam,  Ironwood,  or  Blue  Beech  (Carpinus  caroliniana) . 
•Dogwoods  (Comus).     Practically  all  are  colored  red  in  the  fall  except  C.  paniculata, 

which  is  rather  a  dark  reddish  purple. 
Washington  Thorn  (Cratcegus  cordata).     The  finest  of  the  Thorns.     Has  very  at- 
tractive fruits,  and  also  good  autumn  color. 
Spindle  Tree  (Evonymus).     Nearly  all  species  have  handsome  fall  color,  especially 

the  *  Winged  Evonymus  (Evonymus  alata). 
Black  Huckleberry  (Gaylussacia  resinosa  \=G.  baccala]). 
•Sweet,  or  Red,  Gum  (Liquidambar  styraciflua). 
•Sour  Gum,  or  Tupelo  (Nyssa  sylvalica). 
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Sorrel  Tree,  or  Tree  Andromeda  (Oxydendrum  arboreum), 

Pyrus  simonii.    The  most  ornamental  Pear.     Foliage  thick  and  shining,  turning 
bright  red  in  the  fall. 
♦Scarlet  Oak  (Quercus  coccinea). 
Pin  Oak  (Quercus  palustris). 

♦Chestnut  Oak  (Quercus  prinus).    Foliage  a  rich  bronze-red. 
Red  and  Black  Oaks  (Quercus  rubra  and  Q,  velutitui). 

♦Sumacs  (Rhus).     All  species  have  gorgeous  red  and  orange  colors  in  the  fall. 
Flowering,  or  Buffalo,  Currant  (Rwes  aureum  [==  R,  odoratum]). 
Wild  Roses,  as  Rosa  lucida. 
Blackberries  and  Raspberries  (Rubus),  as  R,  aUef^eniensis  and  R.  occidentalism  and 

the  semi -evergreen  trailing  Swamp  Dewberry  (R.  hispidus). 
♦Sassafras  (SassafrcLS  officinale  [=  5.  variifolium]). 
♦Bridal  Wreath  (Spiraa  prunifolia  var.  flore  plena), 
*Syringa  oblata.    The  only  lilac  to  change  color  in  the  fall.     Foliage  thick  and  of 

handsome  color,  dark,  almost  bronze-red. 
♦Blueberries  (Vaccinituns,  especially  VcLCcinium  corymbosum  and  V.  pennsylvanicum). 
♦Vibumvuns.     All  the  native  species  and  most  of  the  common  cultivated  forms  have 
wonderful  red  and  orange  colors,  except  the  Maple-leaved  Viburnum  ( Viburnum 
acerifolium),  which  is  pink  or  rose,  tinged  with  purple,  and  the  Downy  Arrow- 
wood  (V,  ffubescens),  which,  like  Cornus  paniculata  among  the  Dogwoods,  is 
more  purplish  or  bronze-red. 
Crimson  Glory  Vine  (Vilis  coigneiia).     Most  hardy  grapes  have  a  yellow  auttunn 
color,  but  this  Japanese  vine  is  a  bold,  vigorous  type  with  crimson  color  in 
the  fall. 

YeUaw 

Norway  Maple  (Acer  tiUUanoides), 

Horserchestnut  (Mscmus  hippocastanum). 

A r alia  pentaphylla  [=  AcanthopancLX  pentaphyllum], 
♦Birches  (Betula). 

Hardy,  or  Western,  Catalpa  (CcUalpa  spedosa), 
♦Climbing  Bittersweet  (Cetastrus  scandens). 

Yellowwood  (Cladrasfis  lutea  [=  C.  tinctoria]). 

American,  or  White,  Ash  (Fraoeinus  americana).     Foliage  also  purplish. 
♦Maidenhair  Tree  (Ginkgo  biloba). 

Honey  Locust  (GUditsia  triacanthos). 

Kentucky  Coffee  Tree  (Gymnocladus  dioica). 

Butternut  (Juglans  cinerea). 

Black  Walnut  (Juglans  nigra). 
♦Tulip  Tree,  or  Whitewood  (Liriodendron  tuUpifera), 

Hop  Hornbeam  (Ostrya  virginiana). 
♦Poplars  (Populus). 

Common,  or  Black,  Locust  (Robinia  pseudacacia). 

Linden,  or  Basswood  (Tilia). 
♦American,  or  White,  Elm  (  Ulmus  americana), 

♦Grapes  (Vitis),  native  forms.  A  bunch  of  fiery  sumacs  behind  a  yellow  vine-clad 
wall  is  a  common  sight  in  early  October,  before  the  frost  is  on  the  pumpkin  and 
the  woods  are  ablaze  with  autumn  color. 

YeUouhbrown 

Hickories  (Carya  [=  Hicoria]). 

American  Chestnut  (Castanea  americana  [=  C.  dentata]). 

♦American  Beech  (Fagus  ferruginea).  This  sometimes  colors  a  beautiful  golden 
brown.    Beech  leaves  are  the  finest  leaves  in  the  forest. 

Purple 

Panicled  Dogwood  (Cornus  paniculata  [=  C.  candidissima]). 

Golden  Bell  (Forsythia  viridissima). 
♦American,  or  White,  Ash  (Fraxinus  americana).    This  is  sometimes  yellow. 

Ibota  Privet  and  Regel's  Privet  (Ligustrum  ibota,  and  var.  regelianum), 
♦White  Oak  (Quercus  alba), 
♦Maple-leaved  Viburnum,  or  Dockmackie  (Viburnum  acerifolium). 

Downy  Arrowwood  ( Viburnum  pubescens).    Bronze-red,  somewhat  purplish. 
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Shrubs  Bearing  Attractive  Twigs  through  the  Whiter 

(Arrangement  is  alphabetioll  by  scientific  names.    See  also  Specimen  Trees, 
Picturesque,  page  812) 

Striped,  or  Goosefoot,  Maple,  or  Moosewood   (Acer  pennsylvanicum).    A  small  tree. 

Stem  and  branches  very  smooth,  striped  dark  green  and  white. 
Red,  or  River,  Birch  {Betula  nigra).    Has  attractive,  flaky,  reddish  brown  bark.    These 

trees  naturally  grow  in  clumps  or  colonies.    The  River  Birch  seems  to  be  less  infested 

by  the  birch  borer  than  are  some  other  species. 
Canoe  Birch  (Betula  papyrifera)  or  Gray  Birch  {Betula  populifolia).    These  are  trees. 
Siberian  Dogwood  (Comus  alba  var.  sibirica).    The  brightest  of  the  red-stemmed 

Dogwoods. 
Alternate-leaved  Do^ood  {Comus  altemifolia).    A  slender  little  tree,  with  branches 

in  whorls  at  wide  intervals,  making  a  very  distinct  and  attractive  habit  in  winter. 
Comus   paniculata    [=  C.    candidissima]).    A    slender- twigged  Dogwood.     Grows   in 

solid  dumps  or  colonies.    Yoimg  twigs  orange-brown;  older  twigs  gray.     Berries 

white,  on  pink  stems. 
Green  E)ogwood  (Comus  sanguinea  var.  viridissima).    A  green-stemmed  shrub,  larger 

and  hardier  than  Kerria,  described  below. 
Yellow  Dogwood  (Comus  stolonifera  var.  flaviramea  [=var.  lutea]).    Twigs  bright 

yellow. 
Scotch  Broom  (Cytisus  scoparius).    Green.    Tender  in  northern  New  York  State. 
Evonymus  akUa.    A  roundj  compact  shrub,  formal  and  stiff,  with  corky  wings  developed 

conspicuously  on  the  twigs. 
Kerria  japonica.    Twigs  green.     Plant  often  somewhat  tender  in  New  York  State,  the 

tips  lalling  back,  riving  the  plant  an  untidy  appearance  in  late  winter. 
Trembling  Aspen  (Poptuus  tremuloides).    A  very  delicate  tree  when  its  silvery  green 

is  seen  to  advantage  against  a  dark  background. 
Staghom  Sumac  (Rhus  typhina  [==  R.  hirta]).    Has  large  hairy  twigs,  bearing  stiff 

clusters  of  fuzzy  red  berries. 
Small  Native  Roses  (Rosa  lucida  and  R,  nitida).    Should  be  planted  in  mass  for  the 

red  stems,  and  cut  down  everv  three  or  four  years. 
Black  Raspberry,  or  Common  Blackcap  (Rubus  occidentalis).    Blue-gray. 
Willows:    Salix  alba  var.  britzensis,  red;  Salix  daphnoides,  purple. 

Deciduous  Shrubs  for  Foliage 

("Filler  "  shrubs  valuable  for  good  foliage  all  the  time,  and  often  bearing  flowers  or 
fruits  for  part  of  the  time.  Will  grow  m  a  great  variety  of  soils  and  in  partial  shade, 
although  nearly  all  will  blossom,  fruit,  and  color  better  in  fall  if  in  full  sunlight. 
Good  for  making  up  the  bulk  of  a  planting.  There  are  three  groups  —  small,  medium, 
and  large  —  and  in  each  group  the  arrangement  is  alphabetical  by  scientific  names. 
For  more  complete  descriptions  of  some  of  these  plants,  see  A  Selected  List  of  Seventy' 
fi»e  Deciduous  Shrubs,  page  827.) 

Small  (From  2  to  4  feet) 

Note. — Some  of  the  plants  in  this  group  may  reach  5  or  6  feet  in  height,  but 
they  are  slow  of  growth  and  may  be  easily  cut  back  if  they  become  too  lai^ge. 
Aronia  [=  Pyrus]  arbutifolia  and  A.  nigra  (Red  and  Black  Chokeberries).    These 

will  grow  from  6  to  8  feet  high,  but  are  best  if  kept  low  and  vigorous  by  frequent 

thinning  out  and  renewal  from  the  base. 
Berberis  thunbergii   (Japanese   Barberry).     This  and   Spireea  vanhouUH,  Lanicera 

tatartca,  and  Syringa  vulgaris,  begin  the  season,  with  new  green  folii^e  the  last 

week  in  April. 
Dirca  palustris  (Leatherwood).     Grows  from  4  to  6  feet  high. 
Hypericum  proHficum  (Shrubby  St.-John*s-wort).    This  is  not  so  handsome  in  flower 

as  H.  aureum  (see  page  827),  but  its  habit  is  less  stiff  and  the  foliage  is  dark  glossy 

green,  not  gray-green  like  that  of  H,  aureum. 
lAgustrum  ibota  var.  regelianum  (Regel's  Privet).    A  low  form  of  the  Ibota  Privet, 

from  4  to  6  feet  high,  with  graceful  horizontal  branching. 
Piiladelphus  coronartus  var.  nanus  (Dwarf  Syringa).    Low  and  compact,  2  feet 

high. 
Prunus  pumila  (Sand  Cherry).    Will  endure  very  little  shade. 
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Rhamnus  alpina   (Alpine   Buckthorn).     Has   thick,   handsome  foliage,   dark  and 

glossy. 
Rhus  canadensis  [=  R.  aromalica]  (Fragrant  Sumac).     Low  and  prostmte,  in  dense 

masses,  from  2  to  3  feet  high.     Will  endure  very  little  shade. 
Rosa  luctda  (4  to  6  feet),  R.  nitida  (2  feet),  and  other  species  (Wild  Roses).     Should 

be  cut  down  to  the  ground  every  three  or  four  years.  Will  endure  very  little  shade. 
Spircea  cantoniensis  [=  5.  reevesiana],     (See  imder  5.  vanhouUei^  pag©  832.) 
Spiraa  thunbergii.     (See  page  829.) 
Symphoricarpos  racemosus  (Snowberry). 
Symphoricarpos  vulgaris  (Coralberry,  or  Indian  Currant). 

Vaccinium  pennsylvanicum  (Early  Low  Blueberry).     From  6  to  12  inches  high. 
Viburnum  acerifoHum  (Maple-leaved  Vibumiun).     Good  in  woodland  shade. 
Viburnum  opulus  var.  nanum.     Low  and  compact,  2  feet  high. 
Viburnum  pubescens  (E>owny  Arrowwood).    A  slender  woodland  shrub,  like    V, 

acerifolium. 

Medium  (From  6  to  8  feet) 

Aralia  pentaphylla  [=  Acanthopanax  pentaphyllum]. 

Berberis  vulgaris  (Common  Barberry). 

Cornus  paniculata  f=  C.  candidissima]  (Panicled,  or  Gray-stemmed,  Dogwood). 

Comus  siolonifera  (Red  Osier  Dogwood).     Foliage  good,  but  growth  too  rank  for 

**  filler  "  planting.     (See  page  829.) 
Corylus  americana  and  C.  rostrata  (Hazelnuts). 
Lonicera  fragrantissima    (Fragrant    Honeysuckle).    A   broad,    symmetrical    shrub, 

with  firm,  smooth  foliage,  green  until  Cnristmas. 
Lonicera  morrowii  (Morrow's  Honeysuckle).     A  broad,   spreading  shrub.     Leaves 

dark  green  and  somewhat  wrinkled  and  leathery  above,  gray  hairy  below. 
Myrica  carolinensis  (Bayberry).     (See  also  M.  cerifera  in  index.) 
Philadelphus  inodorus.     The  best  Syringa  for  foliage. 
Rhodotypos  kerrioides  (White  Kerria). 

Rhus  copallina  (Shining  Sumac).     Will  endure  very  little  shade. 
SpircBa  bracteata    (sometimes  called  5.   roiundifolia) .    Has  firm,  handsome,  dark 

green  foliage,  remaining  green  until  late  in  fall.    The  most  picturesque  winter 

form  of  all  the  Spiraeas.     Flowers  white  in  middle  June  (about  the  second  week), 

following  S.  vanhouUei. 
Spiraa  prunifolia  var.  flare  plena  (Bridal  Wreath).     (See  page  832). 
Spircea  vanhouttei  (Van  Houtte's  Spiraea).     (See  page  832.) 
Viburnum  cassinoides  (Withe- rod). 
Viburnum  wrightiu    A  beautiful  red-berried  Viburnum,  with  dark,  glossy  greeu 

foliage. 

Large  (From  10  to  15  feet) 

Cornus  florida  (Flowering  Dogwood).     A  small  tree. 

Corylus  avellana  and  C.  maxima  (Hazels).    Two  large  cultivated  forms  from  southern 

Europe.     C.  maxima  produces  the  filberts  found  in  the  market. 
CraUBgus  coccinea,  C.  cordata^  and  C.  crus-galH  (Native  Thorns,  or  Thorn  Apples). 

Large  shrubs  or  small  trees,  sometimes  30  feet  high. 
Hamamelis  virginiana  (Witch-hazel). 
Ligustrum  ibota  (Ibota  Privet). 
Ligustrum  vulgar e  (Common  Privet). 
Lonicera  tatarica  (Tartarian  Honeysuckle).    The  common  tall  Bush  Honeysuckle. 

The  plant  is  glabrous  (smooth)  throughout. 
Rhamnus  calhartica  (Buckthorn). 

Rhus  glabra  (Smooth  Sumac).    Will  endure  very  little  shade. 
Rhus  tyfhina  [==  R.  hirta]  (Staghom  Sumac).     Will  endure  very  little  shade.    This 

and  tne  preceding  species  should  be  placed  at  the  back  of  a  planting  of  sumacs, 

R,  copallina  next,  and  R,  canadensis  at  the  very  front. 
Syringa  chinensis  [=  S.  rothomagensis]  (Rouen  Lilac). 
Syringa  vulgaris  (Common  Lilac). 
Viburnum  dentatum  (Arrowwood). 
Viburnum  lantana  (Wayfaring  Tree). 
Viburnum  lentaga  (Nannyberry). 
Viburnum  opulus  (High  Bush  Cranberry). 
Viburnum  prunifolium  (Black  Haw). 
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A  Selected  List  of  Seventy-Ave  Declduotis  Shrabs 

(Good  at  some  time  of  the  year  —  if  not  in  foliage,  then  in  flower,  fruit,  or  autumn 
color.  The  letter  o  indicates  that  the  leaves  are  opposite,  or  occasionally  whorled. 
In  all  other  cases  the  leaves  are  alternate.  There  are  three  groups  —  small,  medium, 
and  large  —  and  in  each  group  the  arrangement  is  dphabetical  by  scientific  names.) 

Small    (Prom  2  to  4  feet) 
Note. —  Some  of  the  plants  in  this  group  may  reach  6  feet  in  height,  but  they  are 

not  rank  in  growth  and  can  be  easily  cut  back. 

Amorpha  canescens  Early  July,  lavender.     Has  silvery  foliage  and  lavender 

(Lead  Plant)  .      flowers,  very  striking.     Must  be  used  sparingly. 

Native  in  Middle  West 


Aronia  [=  Pyrus] 

arbuUfolta 

(Red  Chokeberry) 

Native 


Berheris  thunbergii 
(Japanese  Barberry) 
Japan 


(o)  Buddieia  varidbilis  var. 

magnifica 

(Summer  Lilac) 

China 


Late  May,  white.  Valuable  for  good  leaves  (glossy 
green  abJove,  white  woolly  "below),  red  berries,  and 
red  autumn  color.  Will  grow  from  6  to  8  feet  high, 
but  is  best  if  kept  low  and  vigorous  by  frequent 
thinning  out  and  renewal  from  the  base. 

Early  May,  yellow.  Flowers  interesting  but  not 
showy.  Valuable  for  neat,  com|>act  form,  good 
foliage,  small  scarlet  berries,  and  brillant  red  autumn 
color.    An  excellent  shrub. 

Late  July  and  August,  dark  blue.  Leaves  light  green 
above,  white  woolly  below.  Valuable  for  arching  habit, 
and  long,  narrow,  terminal  clusters  of  rich  violet  flowers 
with  orange  eye. 


Cydonia  [=  Pyrus,  or  Cha- 
nomeles]  japonica 
(Japanese  Quince) 
Japan 


Early  May,  red.  A  hardy,  attractive  shrub,  valuable 
for  bright  red  color  in  early  spring  and  for  good  glos^ 
foliagje  in  summer.  The  plant  has  been  widely  used, 
especially  in  hedges,  and  has  fallen  into  disfavor 
because  of  its  liability  to  infestation  by  San  Jos6 
scale.  San  Jos6  scale,  however,  attacks  many  other  ornamental  plants  as  well,  and 
its  control  is  so  well  understood  now  that  it  is  no  longer  feared.  If  bright  red  color 
is  desired  early  in  the  spring,  Japanese  Quince  may  be  used.  Buyers  should  insist  on 
obtaining  good  nursery  stock  free  from  scale.  Grows  to  6  feet  high,  with  many  varieties, 
from  white  to  scarlet,  in  both  single  and  double  forms. 


(o)  Hypericum  aureunt 

(Golden  St.-John*s-wort) 

Native  in  the  South 

(o)  Hypericum  prolificum 

(Shrubby  St.-John*s-wort) 

Native  in  the  South 

Kerria  japonica 

(Globeiflower) 

Japan 

can  be  cut  off  in  early  spring. 


Late  July  and  early  August,  yellow.    A  compact  shrub, 
with  gray-green  fouage  and  iaige  yellow  flowers. 


Late  July  and  early  August,  yellow.  The  flowers  are 
smaller  than  those  of  H.  aureum,  but  the  plant  is 
more  graceful,  with  narrow,  glossy  green  leaves. 

Middle    May,    yellow.    Valuable    for    slender    green 
stems  in  winter,  bright  green  foliage  in  summer,  and 
braiutiful  yellow  flowers,  single  or  double,  in  May. 
The  tips  of  the  twigs  sometimes  winterkill,  but  these . 
A  shrub,  from  4  to  5  feet  high. 


(o)  Ligustrum  ibola  var. 
regelianum 
(Kegel's  Privet) 
Garden  origin 


Late  June,  white.  Flowers  small,  not  showv  but 
very  attractive,  in  small,  nodding  clusters.  Berries 
small,  blue-black  with  gray  bloom,  in  nodding  lateral 
clusters.  Fall  color  a  dufi  bronze-purple.  This  is  a 
low  form  (from  4  to  6  feet  high)  of  the  Ibota  Privet, 
and  is  valuable  for  graceful  horizontal  branching  and  good  foliage.  It  is  the  best 
Privet  for  specimen  planting.  This  and  Berheris  thunbergii^  Symphoricarpos  vulgaris, 
and    Viburnum  acerifolium,  are  excellent  small    '*  filler  '*    shrubs,  with  good  foliage 


Digitized  by  VjOOQ IC 


828 


Bulletin  361 


but  not  showy  flowers.  (See  Deciduous  Shruhs  for  FoUage,  page  825.)  They  may  be 
used  where  only  good  foliage  is  desired,  as  in  very  public  places,  or  they  may  be  planted 
fredy  to  fill  in  between  groups  of  other  shrubs  that  are  more  showy  m  flower  or  fruit. 
Other  good  "  filler  "  shrubs  are:  Medium  (from  6  to  8  feet)  —  Aralia  pentaphyUa 
[=  AcatUhopanax  pentaphyllum],  Berheris  mdj^aris,  Comus  panicukUa,  Lonicera  fragran- 
Hssima,  Myrica  carolinensis  (see  M,  cerifera  in  index),  Vihumum  cassinoides;  Large  (fixwn 
10  to  15  feet)  —  CraUBgus  coccinea,  C.  crus-g^U,  and  (especially)  C.  cordata,  which  is 
more  upright  and  treelike,  to  jo  feet  high,  Hamamelis  virginiana,  Ligustrum  ibota  and 
L.  vulgare,  Lonicera  taiarica,  Rhamnus  cathariica.  Viburnum  detUatum  and  V.  lentago  — 
the  latter  Viburnum  being  the  taller  and  more  treelike. 


(o)  PhUadelphUs  lemoinei 

(Lemoine*s  Syringa) 

Garden  origin 


Rhus  canadensis  [=  R. 
ntatica] 
(Fragrant  Sumac) 
Native 


Rosa  lucida 

(Glossy  Rose) 

Native 


Rosa  rugosa 

(Japanese  Rose) 

Japan 


Late  June,  white.  Has  fairiv  good  foliage,  but  is 
eM>ecially  valuable  for  graceful  habit  and  for  mass  of 
white  flowers.  The  varieties  Avalanche,  Candelabre, 
and  Gerbe  de  Neige  are  the  best. 

Early  May,  yellow.  Flowers  attractive  in  mass,  but 
not  showy.  Valuable  for  good  foliage  (leaves  trifoliate, 
like  a  clover  leaf,  but  much  larger),  hairy  red  berries, 
beautiful  red  autumn  color,  and  low  prostrate  habit 
(3  feet  high)  forming  dense  masses. 

Middle  June,  pink.  Valuable  both  for  flowers  and 
riossy  foliage,  and  for  red  fruits  and  winter  stems. 
Should  be  cut  down  to  the  ground  every  three  years. 
A  shrub,  from  4  to  6  feet  high. 

Early  June,  white,  pink,  or  red.  Either  single  or  semi- 
double,  according  to  variety.  Valuable  for  flowers, 
large  orange^xjlored  fruits,  and  heavy,  wrinkled,  dark 
green  leaves.  A  very  hardy,  vigorous  rose,  from 
4  to  6  feet  high. 


Rosa  seti^era 

(Pmirie,  or  Michigan,  Rose) 

Native 


Middle  July,  pink.  Valuable  for  large,  late  flowers, 
and  vigorous  arching  habit  (from  4  to  6  feet  high). 
The  parent  of  such  ramblers  as  Baltimore  Belle, 
Prairie  Queen,  and  others.  The  white  Memorial  Rose 
from  Japan  (Rosa  wichuraiana),  which  is  distinctly  prostrate  and  vinelike,  is  blooming 
at  the  same  time.  The  Memorial  Rose  is  the  parent  of  many  of  our  newer  late-blooming 
Ramblers,  such  as  Dorothy  Perkins,  Hiawatha,  Alberic  fiarbier,  and  Excelsa,  which 
are  also  blooming  at  this  time.  (See  Rambler  Roses  in  order  of  bloom,  under  Flowering 
Vinesy  page  850.) 


Rosa  spinosissima 

(Scotch  Rose) 
Europe  to  Siberia 

Rose,  Tausendschdn 

(Thousand  Beauties) 

Garden  origin 


Spircea  albiflora 
Japan 


Spireea  bumalda 
Anthony  Waterer  variety 
Garden  origin 


Early  June,  white,  with  yellow  stamens.     A  charming 
Rose.    Altaica  is  the  best  variety. 


Middle  June,  pink.  Is  really  a  Rambler,  but  is  also 
excellent  without  support  in  the  front  of  a  border. 
The  finest  of  the  earW  Ramblers,  blooming  before  the 
Crimson  Rambler.  Light  pink  in  color,  larger  and 
better  than  the  later  E)orotny  Perkins. 

Late  July,  white.  Flowers  in  flat  heads.  A  low, 
stiff  shrub,  18  inches  high.  Branches  angular,  leaves 
narrow  and  glabrous  (smooth). 

Late  July,  bright  red.  A  popular  little  shnib,  seldom 
over  2  feet  high,  with  branches  more  or  less  stiff  and 
angular.  This  is  one  of  the  many  hybrids  between 
S.  albiflora  and  5.  japonica. 
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Spiraa  jappnica 

(Also  called  5.  caUosa) 

Japan 


Spiraa  tkunbergii 
Japan 


Early  July,  pink.  Flowers  in  flat  heads,  like  those  of 
5.  albiflora,  but  the  plant  is  higher  (4  feet),  the  branches 
are  round,  and  the  leaves  are  broader  (ovate  to  oblong- 
lanceolate)  and  pale  bluish  green,  purplish  when 
unfolding. 

Early  May,  white.     Has  a  slender,  spreading  habit, 
early  white  flowers,  and  narrow,  feathery,  light  green 
leaves.     The  first  Spiraea  to  bloom.    Tips  of  twigs 
often  winterkill,  but  these  may  be  cut  oflf  in  early  spring. 

SpircBa  tomentosa  August,    pink.      Flowers    in    narrow,    dense    spikes, 

(Steeplebush)  young  branches  and  leaves  beneath  densely   yellow- 

Native  brown  woolly. 

(o)  Symphoricarpos  racemosus    July  and  August,  white.    Flowers  small  and  incon- 
(Snowb^rry)  spicuous,   bell-shaped,    pinkish   inside.     Valuable  for 

white  bories  aD  winter,  and  for  good  foliage,  the  leaves 
being  smooth  below  like  those  of  Lomcera  tatarica,  but  smaller  and  almost  round. 


(o)  Symphoricarpos  vulgaris 

^Coralberry,  or  Indian 

Currant) 

Native 


August,  greenish.  Flowers  small  and  inconspicuous. 
PlaSnt  a  good  "  filler  "  shrub  (see  Ligustrutn  ibota  var. 
regelianum),  with  foh'age  remaining  good  late  in  fall 
(but  the  leaves  pubescent  below,  not  ^brous  [smoothj 
like  those  of  5.  racemosus),  and  with  graceful  arching 
branches  studded  with  small,  tight  clusters  of  dark  red  berries  remainmg  all  winter. 


(o)   Viburnum  acerifolium 

(Maple-leaved  Viburnum) 

Native 


Medium  (From  6  to  8  feet) 

(o)  ^sculus  parviflora 

(Formerly   caUed    Pavia 

macrostachya) 

(Dwarf  Buckeye) 

Native  in  the  South 

Aralia  pentaphylla 

[=  Acanthopanax  pentaphyU 

lum] 

(Five-leaved  Aralia) 

Japan 

Berberis  vulgaris 

(Common  Barberry) 

Prom    Europe,    but    escaped 

and  growing  wild  in  the 

United  States 


Middle  June,  white.  This  is  another  good  "  filler  " 
shrub,  and  is  also  excellent  for  planting  in  the  shade. 
It  has  good  foliage,  attractive  creamy  white  flowers, 
black  berries,  and  good  autumn  color  —  pale  rosy 
lavender. 


Middle  July,  white.  A  shrub  growing  in  polonies, 
like  Sumac.  Valuable  for  foliage  and  for  narrow, 
upright  spikes  of  white  flowers  in  July  and  August. 


Has  no  conspicuous  flower  or  fruit.  Plant  is  essentially 
a  "filler"  shrub,  for  good  foliage  only.  Very  at- 
tractive and  satisfactory. 


Late  May,  yellow.  Small  flowers  in  hanging  clusters, 
not  showy  but  nevertheless  very  attractive.  Has 
good  foliage  and  good  habit  of  growth,  with  clusters 
of  dark  red  berries  hanging  ^1  winter.  The  fall 
color,  however,  is  not  so  brilliant  as  that  of  the  smaller 
Japanese  Barberry  (Berberis  thunbergii). 

Middle  June,  white.  A  slender-stemmed  and  narrow- 
leaved  Dogwood,  with  purplish  color  in  fall  and 
attractive  white  berries  on  pink  stems.  A  good 
"  filler  "  shrub.  (See  last  paragraph  under  C.  stoloni- 
fera,  below). 

Late  May,  white.  Valuable  for  good  foliage,  for 
rapid  growth,  for  broad-spreading  habit  —  its  lower 
branches  prostrate  and  taking  root  —  and  for  its 
white  hemes,  fine  red  color  in  autumn,  and  red  stems 
in  winter.  There  is  a  yellow-twigged  variety,  C.  stolonifera  var.  flaviramea,  and  also 
a  related  form  with  bnght  green  stems,  C.  sanguirtea  var.  viridissima.    The  Siberian 


(o)  Cornus  paniculata 
[=  C.  canaidissima] 
(Panicled,  or  Gray- 
stemmed,  Dogwood) 
Native 

(o)  Cornus  stolonifera 

(Red  Osier  Dogwood) 

Native 
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Dogwcxxi  (C.  alba  var.  sihirica)  has  bright,  more  coral-red  stems,  and  is  considered 
the  best  red-stemmed  Dogwood.  These  stem  colors  show  best  on  young,  vigorous 
wood,  and  for  this  reason  some  of  the  older  stems  should  be  cut  out  each  spring, 
thus  encouraging  new  growth.  Hedges  of  Siberian  Dogwood  are  often  cut  to  tiie 
ground  early  each  spring.  Vigorous  growth  results,  giving  fine  foliage  in  summer 
and  bright  red  stems  in  winter. 

It  should  be  remembered  that  all  the  Dogwoods  just  mentioned  are  rank-growing 
shrubs,  and  therefore  should  be  planted  in  solid  masses  or  as  individual  specimens 
with  plenty  of  room  for  spreading.  They  certainly  should  not  be  mixed  indiscrimi- 
nately with  other  good,  but  less  vigorous,  shrubs,  which  would  suffer  in  the  struggle 
and  in  time  even  be  killed  out.  For  such  "  filler  "  planting  Comus  paniculata  is  much 
safer.     (See  note  under  Ligustrum  ibota  var.  regelianum.) 

(o)  DierviUa  hybrida  Late  June,  red.     Similar  to  Le  Printemps,  following. 

Eva  Rathke  variety  Eva  Rathke  is  the  best  late  red  variety. 

(Weigela) 
Garden  origin 

(o)  DierviUa  hybrida  Early  June,  pink.     A  rather  coarse  shrub,  with  only 

Le  Printemps  variety  fair  foliage  but  showy  when  in  flower  if  good  color 

(Weigela)  varieties  are  used  such  as  Le  Printemps  and  Eva 

Rathke. 

Elceagnus  multiflora  Has  inconspicuous  flowers,  but  good  foliage  and  edible 

[=  E.  lonnpes]  fruit  in  July.     (See    Woody    Plants  with   Fruits  At- 

(Gtmii)  tractive  to  Birds,  page  822.) 
Japan  and  China 

(o)  Evonymus  alata  Flowers    greenish    yellow,    small    and    inconspicuous. 

(Winged  Evonymus)  Plant  valuable  for  compact,  symmetrical  form,  good 
Japan  foliage,  and  brilliant  fall  color.    The  twigs  have  thin, 

corlty  ridges,  or  "  wings,"  which  are  very  character- 
istic of  the  plant. 

(o)  Forsythia  fortunei         April,  yellow.    These  are  the  showiest  of  the  early 
(o)  Forsythia  suspensa        yellow-flowered  shrubs,  and  are  very  rapid  in  growth, 
(o)  Forsythia  viriaissima      The  young   twigs  are  square,    with   hollow  or  dia- 
(Golden  Bell)  phragmed  pith,  never  solid.    There  are  two  types, 

China  F.  suspensa  and  F,  viridissima.     F.  suspensa  has  an 

arching  habit,  with  long,  trailing  branches,  broad 
leaves  (which  are  sometimes  3-lobed  or  even  divided  into  3  leaflets),  hollow  pith,  two- 
years-old  twigs  yellow-brown,  and  autumn  color  dull  yellow.  F.  viridissima  has  an 
upright  habit,  narrow  leaves  which  are  never  lobed  nor  divided,  diaphragmed  pith, 
two-years-old  twigs  green,  and  autumn  color  purplish.  Forsythia  fortunei  is  merely 
a  variety  of  F.  suspensa,  being  exactly  the  same  except  that  it  is  upright,  like  F.  viridis- 
sima. F,  intermedia  is  a  hybrid  between  F.  fortunei  and  F.  viridissima,  and  resembles 
F.  viridissima  in  foliage,  with  pith  also  diaphragmed  or  sometimes  apparently  hollow 
but  diaphragmed  toward  the  joints.  These  intermediate  hybrids  are  tie  best-flowering 
of  the  Forsythias.  F.  suspensa  is  excellent  for  hanging  over  a  wall  or  trailing  down 
a  bank.  It  is  the  only  Forsythia  that  has  a  habit  of  growth  good  enough  to  make  it 
attractive  as  an  individual  specimen.  All  the  other  Forsythias  are  best  when  planted 
in  solid  groups  for  mass  effect. 

(o)  Hydrangea  arborescens      Middle  July,  white.     This  is  a  double  form  of  Hy- 

var.  sterilis  drangea  arborescens,   which   is   native  in   the  South. 

(Hills  of  Snow)  It  is  valuable  for  round,  showy  heads  of  white  flowers 

Garden  origin  in  midsummer.     It  blooms  nearly  a  month  before  the 

commonly  planted  Hardy  Hydrangea  from  Japan  (H, 

paniculata  var.  grandiflora),  which  is  a  larger  plant,  becoming  treelike  if  allowed  to 

grow  naturally.     (This  is  listed  below,  under  Large.)    H.  paniculata  var.  grandiflora 

has  flowers  in  larger  and  longer  (that  is,  more  pyramidal)  clusters  than  those  of  H, 

arborescens  var.  sterilis,  and  its  leaves  are  short-stemmed,  not  long-stemmed  like  those 

of  the  latter. 
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(o)  Lonicera  fragrantissima 

(Prs^grant  Honeysuckle) 

China 


Magnolia  steUata 

(Starry  Magnolia) 

Japan 

Myrka  carolinensis 

(Bayberry,  or  Candleberry) 

Native  along  the  eastern 

coast  of  the  United  States 


(o)  PhUadelphus  coronarius 
(Syringa,  or  Mock  Orange) 


(o)  PkUaddphus  inodorus 
(Native  in  the  South) 


Early  May,  white  tinged  with  pale  yellow.  Flowers 
very  fragrant,  but  small  and  not  showy.  The  plant 
is  a  broad,  ^mmetrical  shrub,  valuable  for  firm, 
smooth,  dark  green  leaves,  which  are  semi-evergreen  — 
that  is,  remaining  green  until  Christmas. 

April,  white.  A  symmetrical  shrub,  covered  with  a 
mass  of  bloom  in  April  before  the  leaves  appear. 
Has  good  green  foliage. 

Flowers  inconspicuous,  but  plant  very  valuable  for 
symmetrical  form,  good  foliage,  and  beautiful,  fra- 
grant, waxy,  gray  berries  remaining  all  winter.  The 
sexes  are  separate,  and  fruiting  plants  must  be  used. 
(See  also  M.  cerifera  in  index.) 

Middle  June,  white.  An  old-fashioned  shrub,  with  a 
good  upright  habit  and  fragrant  creamy  white  flowers. 
The  bark  on  two-years-old  twigs  is  reddish  and  peels 
oflF.    A  shrub,  from  8  to  10  feet  high. 

Late  June,  white.     Has  a  graceful  form,  and  dark 
green,  almost  glossy,  leaves.     This  is  the  best  Syringa 
for  foliage.     Flowers  pure  white  and  odorless.     Bark 
of  two-years-old  twigs  is  reddish  brown  and  peels  off.     A  shrub,  to  8  feet  high. 


Prunus  triloba  var.  flore  pleno 

(Flowering  Almond) 

China 


Early  May,  pink.  An  old  favorite,  bearing  a  wealth 
of  double  pink  flowers  like  little  roses,  followed  by 
soft,  hairy  leaves  which  are  broad  oval,  often  three- 
pointed.     Plant  not  very  vigorous,  but  well  worth 

caring  for.    This  and  Bridal  Wreath  (Spircea  prunifoUa  var.  flore  pleno)  make  a  good 

pink  and  white  combination  in  early  spring. 


Rhododendron  [=  Azalea] 

cakndulaceum 

(Flame  Azalea) 

Native  in  the  South 

Rhododendron  [=  AzaUa] 

kcempferi 

(Japanese  Azalea) 

Japan 

(o)  Rhodotypos  kerrioides 

(White  Kerria) 

Japan 


Early  June,  yellow  or  orange.  Valuable  for  mag- 
nificent flame-colored  flowers.  Plant  perfectly  hardy 
in  the  North,  blooming  after  the  northern  Pink  Azalea, 
R,  canescens  (formerly  called  R,  nudiflora). 

Middle  May,  scarlet.  Valuable  for  brilliant  flowers 
in  May,  a  little  before  the  northern  Pink  Azalea, 
JR.  canescens  (formerly  called  R.  nudiflora). 

Middle  May,  white.  A  hardy  shrub,  resembling 
Kerria  japonica  in  foliage  but  taller  and  more  vigor- 
ous, with  gray  stems,  opposite  leaves,  white  flowers, 
and  hard,  black,  shiny,  beny-like  seeds  in  clusters  of 
three  or  four,  persisting  all  wmter. 

Rosa  midtiflora  Middle  June,  white.    A  hardy,  vigorous  shrub,  with 

Japan  recurving  branches,  pectinate  (comblike)  stipules,  and 

large  clusters  of  small  white  flowers.  The  Chinese 
variety  (-R.  muUiflora  var.  cathayensis),  just  introduced  by  the  Arnold  Arboretum 
(see  A  New  Nursery  List,  page  857),  has  larger  pink  flowers  and  is  probably  the  original 
of  the  old  double  Seven  Sisters  rose  and  the  later  Crimson  Rambler.  (See  Arnold 
Arboretum  Bulletin,  new  series  Vol.  I,  no.  9,  June  21,  191 5.) 


Sorbaria  {=  S^raa] 
aitchinsonii 
Afghanistan 


Middle  July,  white.  Flowers  in  showy  feathery 
spikes,  leaves  pinnately  compound  like  a  sumac  leaf, 
young  stems  smooth  and  red.  The  plant  is  hand- 
somer than  the  .earlier  and  commoner  Sorbaria  sorbi- 

fMi,  and  makes  a  good  combination  with  the  large,  pink-spiked,  July-blooming  Spiraa 

biUardii  described  below. 
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Spiresa  bUlardii  Middle  July,  pink.    This  is  a  large,  July-bloomii^ 

(Often  called  S.  lenneana)      Spiraea  (from    5    to   6   feet  high),  with  bright  pinx 
Garden  origin  flowers  in  rather  dense  spikes.    The  plant  has  brown 

hairy  stems,  and  the  leaves  on  young  growth  are 
grayish  hairy  beneath.  It  is  intermediate  in  type  between  the  laiie  western  Spiraa 
douglasii  and  the  smaller,  earlier,  eastern  Spiraa  salicifolia  [=  5.  alba]  (Meadow- 
sweet, or  Queen  of  the  Meadow).  5.  douglasii  grows  8  feet  high,  with  flowers  deep 
pink,  in  dense  spikes,  branches  reddish  brown  woolly,  and  leaves  densely  white  woolly 
beneath.  5.  sahcifolia  is  smaller  (from  3  to  5  feet  high),  with  leaves  glabrous  (smooth) 
or  nearly  so,  stems  also  smooth  or  finely  hairy  when  young,  and  flowers  white  or  light 
pink,  in  dense  pyramidal  leafy  clusters,  banning  to  bloom  in  early  July  alone  with 
Spircea  japonica.  (In  this  connection  see  also  the  small  [4  feet  high)  native  Spiraa 
UxmerUosa  [Steeplebush]  described  above  under  Small.)  In  this  later- (August-)bloom- 
ing  Spiraea  the  flowers  are  deep  pink  or  almost  purplish,  and  the  young  stems  and  leaves 
boieath  are  tawny  or  vdlowish  brown  woolly. 

SpircBa  prunifolia  var.         Early  May,  white.    This  is  an  old  favorite,  6  feet 
flore  fieno  high,    with    graceful,    spreading    habit,  but    not    so 

(Bridal  Wreath)  drooping  and  pendulous,  and  not  quite  so  hardy,  as 

China,  Japan  S,  vanhouUei,      It  flowers  profusely  before  the  leaves 

appear,  about  a  week  later  than  S.  thunbergii,  and  so  does 
not  have  the  fresh  early  spring  foliage  so  characteristic  of  the  later-bloon:ung  Van  Houtte's 
SpirBBa.  But  its  midsummer  foliage  is  better  than  Van  Houtte's,  for,  being  double- 
flowered,  no  seed  is  developed,  and  the  leaves  are  a  fine  glossy  green,  later,  in  autumn, 
coloring  a  rich  orange-red.  In  midsummer  Van  Houtte's  Spirea  has  dull,  almost  gray- 
green  foliage,  and  looks  rather  seedy  because  of  the  great  abundance  of  seed  following  the 
mass  of  bloom  in  May.  The  folii^e  also  remains  green  in  fall  without  change  of  color. 
Van  Houtte's  Spiraea  has  the  more  graceftilly  pendulous  form,  and  is  also  very  popular 
for  its  fresh  early  foliage  and  for  its  wealth  of  white  bloom  in  late  May.  Bridal  Wreath 
is  more  upright,  with  better  summer  foliage  and  fall  color,  and  also  earlier  bloom, 
which  is  appreciated  because  it  combines  so  well,  both  in  color  and  in  season,  with 
another  old  favorite,  the  Pink  Double-Flowering  Almond  {Prunus  triloba  var.  flore 
pleno).  A  group  of  these  shrubs  may  be  placed  at  the  back  of  a  planting,  with  some 
Spiraa  varJkouUei  in  front  to  face  down  the  planting  and  to  give  both  early  foliage 
and,  later,  white  flowers  after  the  pink  and  white  combination  has  passed. 

Spiraa  vanhouttei  Late  May,  white.    This  is  a  gracefid  shrub,  6  feet 

(Van  Houtte's  Spiraea)  high,  witli  arching,  almost  pendulous,  branches.     It 

Garden  origin  is  a  hybrid  between  S,  trilobata  (which  is  perfectly 

hardy  but  smaller,  resembling  5.  vanhouttei  in  foliage) 

and  5.  cantoniensis  [=  5.  reevesiana],  which  resembles  5.  vanhouttei  in  form  and  habit, 

but  has  narrower  leaves  and  is  smaller  and  somewhat  tender,  the  tips  sometimes 

winterkilling  like  those  of  S.  thunbergii,    (For  further  description  of  S,  vanhouttei^  see 

under  5.  prunifoUa  var.  flore  pleno,  above.) 

Laxge  (Prom  10  to  15  feet) 

Cercis  canadensis  Early  May,  rosy  purple.    Valuable  first  for  mass  of 

(Redbud,  or  Judas  Tree)       small,  p^ike  ffowers  before  the  leaves  appear,  and 

Native  later   for   large,   almost    roimd,    dark    green    leaves. 

The  plant  is  a  small,  broad-spreading  tree,  from  20 

to  30  feet  high. 

(o)  Chionanthus  virginica       Early  June,  white.    An  attractive  shrub,  with  loose 

(Prinjge  Tree)  nodding   clusters  of  narrow,   creamy   white  flowers, 

Native  in  the  South  followed  by  large,  dark  |:reen,  magnolia-like  leaves 

and  daric  blue-black  hemes.     The  plant  is  a  laige, 

open-branched  shrub  or  a  slender,  graceful  tree,  to  30  feet  high. 

Cladrastis  lutea  [=C.  tinctoria]    Middle  June,  white.    Has  hanging  clusters  of  white, 
(Ydlowwood)  pealike  flowers  against  a  green  background  of  'pin- 

Native  in  the  South  nately  compound  leaves.    A  graceful,  wide-branching 

tree  (from  30  to  40  feet  high),  with  short  trunk,  smooth 
gray  bark,  yellow  wood,  and  yellow  autumn  color. 
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(o)  Comusflortda 

(Flowering  Dogwood) 

Native 


(o)  Comusflortda  var.  rvbra 

(Pink  Dogwood) 

Garden  origin 


Middle  May,  white.  An  excellent  plant  at  all  times. 
Grows  well  in  either  sun  or  shade,  with  good  form, 
beautiful  flowers,  dark  green  foliage,  bright  red  berries, 
and  gorgeous  autumn  color.  A  Large  shrub  or  smaU 
tree,  20  feet  high. 

Like  the  preceding,  but  has  pink  flowers. 


Late  June,  white.  The  best  of  the  Thorns.  A  small 
tree,  more  upright  than  C.  crus-gaUi,  with  broader, 
more  triangular  leaves,  and  handsomer  clusters  of 
small,  orange-red  berries  remaining  all  winter.    The 

foliage  is  not  injured  by  the  leaf -mining  insect  so  injurious  to  Crateegus  in  New  England. 

30  feet  high. 


CraUBgus  cardata 
(Washington  Thorn) 
Native  m  the  South 


CraUBgus  cruS'galH 

(Cod^pur '  Thorn) 

Native 


Early  June,  white.  Especially  valuable  for  pictur- 
esque, horizontal  brandling,  and  for  dark  green 
leaves,  which  are  thick,  glossy,  and  wedge-shaped. 
A  broad-spreading  shrub  or  smaU  tree,  from .  30  to 
40  feet  high. 


CraUBgus  oxyacatUha  var.  pauUi  Late  May,  red.    This  is  a  variety  of  the  English 
(Paul's  Double  Red  Thorn)    Hawthorn,  with  showy  double  red  flowers,  compact, 
Garden  origin  symmetrioEd  form,   and  small,   deeply  lobed  leaves. 

15  feet  high. 


HamameUs  virgfniana 

(Witch-hazel) 

Native 

after  the  leaves  have  fallen. 


October,  yellow.  Very  valuable  as  a  large  "filler" 
shrub,  with  good  foliage,  especially  adapted  to  shade. 
Also  has  attractive  small,  starry,  yellow  flowers  just 
as  the  plant  is  in  golden  autumn  color,  or  even  later 
A  shrub  or  tree,  to  20  feet  high. 


Hibiscus  syriacus 
(Rose  of  Sharon,  or  Shrubby 
Althsea) 


August,  several  colors  —  white,  pink,  blue,  or  purple. 
An  old-fashioned  shrub,  indispensable  with  its  hoUy- 
hock-like  flowers  in  August. 


(o)  Hydrangea  panicuUiUi  var, 

grandiflora 

(Common  Hardy  n^yrdrangea) 

Garden  origm 


August,  white.  This  is  the  common  "snowball" 
hydrangea  of  northern  lawns.  It  is  double,  and  was 
developed  from  a  single-flowered  form  native  to 
Japan  and  called  H,  panicukUa.  By  some  persons 
the  single  type  is  considered  more  jnaceful  and 
attractive  than  the  more  massive  grandiflora  type.  In  the  former  the  flowers  are  in 
upright  pyramidal  clusters  and  do  not  weigh  down  the  branches,  as  in  the  grandiflora 
type.  In  the  latter  the  flower  clusters  are  often  very  dense  and  heavy,  and  change 
from  white  to  light  pink,  but  are  never  blue  like  some  of  the  tender  ^re^nhouse  forms 
known  as  Hydrangea  hortensis.    A  shrub  or  tree,  sometimes  20  feet  high. 


Koelreuteria  panicukUa 
(Varnish  Tree) 
China,  Japan 


Middle  July,  yellow.  Very  ornamental,  with  lax^ge, 
loose,  upright  dusters  of  small  vellow  flowers  against 
dark  green  compound  leaves,  followed  by  erect  dusters 
of  red,  bladdery  fruits.    A  round-headed  tree,  from 

20  to  30  feet  high,  not  so  hardy  and  tough-wooded  as  one  might  like  but  much 

planted  farther  south. 


Early  June,  yellow.  Flowers  in  long,  hanging  clusters, 
at  the  same  time  as  the  old  familiar  Hamson's  Yellow 
Rose  and  the  Flame  Azalea  (Rhododendron  [=:  Azalea] 
calendulaceum\  described  on  page  831.  A  laige,  upright 
bush  or  small,  compact  tree,  from  20  to  30  feet  hig^ 
Hardier  than  the  tender,  but  better  known,  Golden  Chain  {Laburnum  vulgare). 

S3 


Laburnum  alpinum 
(Scotch  Laburnum) 
Mountains, 
southern  Europe 
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(o)  Ligustfutn  vulgare         Late   June,    white.    Essentially    a   good    foliage   or 

(Common  Privet)  "  filler  "   type  of  shrub,   with  stout,   upright  form, 

Europe,  Asia  smooth,    dark,    semi-evergreen    leaves    (green    until 

Christmas),    and    erect    terminal    clusters    of    white 

flowers  followed  by  black,  shining  berries.    The  plant  resembles  the  California  Privet 

(L.  ovalifoUum),  but  is  perfectly  hardy  (see  Hedge  Plants,   pa^e  817),  with  smaller 

leaves  and  abundant  fruit.    The  California  Privet  seldom  fruits  in  the  North.    L. 

vulgare  has  been  selected  for  this  list  in  preference  to  L.  ibota,  because  it  has  smooth 

leaves  and  twigs  that  do  not  collect  dust,  and  because  it  is  semi-eveigreen,  retaining 

good  foliage  without  change  of  color  until  Christmas.     The  Ibota  Privet,  like  the 

Kegel's  PnVet  (described  above  under  Small),  has  young  twigs  and  the  leaves  beneath 

findy  pubescent  (hairy),  berries  small,  blue-black  with  gray  bloom,  and  foliage  changing 

to  dull  purple  in  fall. 

(o)  Lonicera  tatarica  Late  May,  white,  pink,  or  rose,  according  to  variety. 

(Tartarian  Honeysuckle)       This  is  one  of  the  very  best  large  "  fiUer  "  dirubs 

Russia,  Siberia  for  foliage.    It  is  also  attractive  when  covered  with 

small  flowers  in  May,  and  again  when  bearing  red  or 

orange-yellow  berries  in  July  and  August.    The  plant  is  glabrous  (smooth)  throughout. 

(o)  PkUadelfhus  latifoUus     Late  June,    white.    This   and   a   related   form    (P. 

[=  P.  puoescens,  and  gprdonianus)  are  the  showiest  of  the  larger  S3rringas. 

also  sometimes  called         They   have   abundant,    lar^e,    pure    white,    odoness 

P,  grandiflorus]  flowers  at  about  the  same  time  as  the  little  Lemoine 

(Syringa)  hybrids  (P.  lemoinei),  but  later  than  P.  coronarius, 

with    its    smaller,    creamy    white,    fragrant   flowers. 

These  are  the  common  tall  Syringas,  sometimes  reaching  20  feet,  with  laige  leaves, 

pubescent  beneath,  and  with  the  bark  on  two-years-old  twigs  gray  and  often  checking 

out  not  peeling  off. 

Pyrus  ftpribunda  Middle  May,  pink.    This  is  the  first  Crab  Apple  to 

(Flowering  Crab)  bloom,   coming  in   with   Lilacs   and   the  Flowering 

Garden  origin  Doewood.    The  color  is  a  light  pink,  deepest  in  bud 

and  almost  white  when  fully  open.    The  leaves  and 

young  parts  are  smooth,  like  those  of  the  Wild  Eastern  Crab  (P.  coronaria),  not  woolly 

Hke  Uiose  of  the  Iowa  Crab  or  the  double  variety  of  the   latter,   Bechters  Crab, 

described  below.    The  leaf  margins  are  also  finely  and  sharply  toothed,  not  coarsely 

and  blimtly  toothed  like  those  of  Bechters  Crab,  nor  prominently  lobed  and  notched 

like  those  of  the  Wild   Eastern  Crab.  The  small,  pealike  fruits   are   red,  on  long, 

slender  stems,  and  are  much  liked  by  birds.    The  plant  is  a  laxge,  spreading  shrub  or 

a  small  tree. 

Pyrus  ioensis  var.  hechteUi     Late  May,  pink.    A  double  variety  of  the  Iowa,  or 

(Bechtel's  Crab)  Prairie  State,  Crab,  with  light  pink  flowers  like  little 

Garden  origin  double  roses,  young  growth  and  under  surface  of  leaves 

woolly,  and  leaf  mai^gins  coarsely  and  bluntly  toothed. 

A  small  tree. 

(o)  Bhamnus  catharHca        Has  no  noticeable  flower,  but  plant  is  very  satis- 

(Buckthorn)  factory  as  a  large  "  filler "  shrub  for  good  foliage, 

Europe  and  Asia,  enduring  shade,  also  having  soft  black  berries  very 

and  escaped  in  the  attractive  to  birds.    The  leaves  are  normally  opposite. 

United  States  but  are  sometimes  alternate  on  the  same  plant.    The 

shrub  is  common  in  tall  hedges,  usually  developing 

a  twiggy,  sharp-pointed  growth. 

Rhus  coiinus  Flowers  green  and  inconspicuous  in  May,  but  fruit 

(Smoke  Bush)  purplish  and  very  plumose  in  middle  July,  making 

Europe,  Asia  the   handsome   smoky   appearance   which   gives   the 

plant  its  name.     Leaves  firm  and  smooth,  broad  and 

almost  round,  on  long  stems;   twigs   stiff  and   stout,  aromatic.    A  large,  compact 

shrub. 
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Syringa  vulgaris  Middle  May,  in  many  colors.    Both  single  and  double. 

(Common  Lilac)  There  are  two  types  of  shrubby  lilacs  commonly  grown 

Bulgaria  in  gardens  —  5.  vulmris  and  5.  persica,    S,  vulgaris 

is  a  lai^ge  shrub,  often  20  feet  high,  with  a  dense, 

upright  habit,  stout,  round  twigs  with  decurrent  lines  usually  absent  or  indistinct, 

brocS  leaves,  and  compact,  erect  clusters  of  single  or  double  flowers  in  many  colors 

according  to  variety.    5.  persica  is  smaller  (from  6  to  10  feet  high),  with  an  open, 

graceful  habit,  slender,  four-sided  twigs  due  to  the  evident  decurrent  lines  running 

down  from  the  bases  of  the  leaf  stalks,  narrow  leaves,  and  loose,  nodding  clusters  m 

single  flowers,  either  white  (var.  alba)  or  rosy  lavender  (vari  rubra). 

The  real  5.  persica  is  coniparatively  rare  in  gardens.  What  is  commonly  called 
Persian  Lilac  is  the  Rouen  Lilac  (Syringa  chinensis  [=5.  rotkamagerisis]).  This  is 
a  hybrid  between  S.  vulgaris  and  S.  persica^  and  is  intermediate  in  character,  combining 
good  qualities  of  both  its  parents.  It  is  a  very  beautiful  type,  with  better  toHage  than 
that  of  5.  persica  and  a  more  graceful  habit  than  that  of  S.  vulgaris.  It  grows  12  feet 
high  and  has  large,  handsome,  nodding  clusters  of  whitish  (|>ale  lavender)  (var.  alba), 
rosy  lavender  (var.  rubra) ,  or  blue-lavender  flowers.     (See  Lilacs,  page  819.) 

(o)  Viburnum  denUUum        Middle  June,  white.    An  excellent  shrub  at  all  times. 

(Arrowwood)  Has  a  compact  form,  glossy,  dark  green  foliage,  creamy 

Native  white  flowers,  small,  hard,  xound,  dark  blue  buries, 

and  finally  gorgeous  red  autumn  color.    A  hardy, 

vigorous  shrub,  adapting   itself   to  dry  as  well  as  wet   soils  and  even  growing  m 

p^ial  shade.    The  leaves  are  coarsely  and  sharply  toothed,  and  glabrous  (smooth) 

throughout. 

(o)  Viburnum  lerUago         Early  June,  white.    This  is  another  sterling  native 

(Nannyberry)  plant.    It  has  practically  the  same  good  qualities  as 

Native  V.  dentatum,  but  it  is  taller  (sometimes  a  small  tree, 

20  feet  high)  and  more  open-branched,  with  longer 

leaves,  which  are  finely  toothed  and  long-pointed.    The  berries  are  edible,  being  larger 

and  more  fl«hy  and  blue-black  than  those  of  V,  dentatum,  with  gray  bloom. 

The  Black  Haw  ( V.  prunifolium)  is  very  closely  related  to  V.  lentago,  but  is  hand- 
somer as  an  individual  specimen  plant.  The  leaves  are  shorter  and  broader  for  their 
length,  and  not  so  long-pointed.  The  habit  of  growth  is  also  characteristic.  V,  pruni- 
folium is  denser  and  more  compact,  and  is  full  of  stout  twigs  and  cross  branches.  It 
makes  a  beautiful  little  symmetrical  tree,  in  which  birds  like  to  build  their  nests. 
V,  lentago  is  taller,  with  open,  more  slender,  spreading  branches,  and  is  better  suited 
for  mass  planting  in  a  background. 

(o)  Viburnum  opulus  Early  June,  white.    Has  smooth,  lobed  leaves,  and 

(High  Bush  Cranberry)        flat  clusters  of  small,  creamy  white  flowers  surroimded 

Europe,  America  by  a  ring  of  white,  showy,  sterile  flowers  like  those  in 

the  old-fashioned  Snowball,  or  Guelder-rose.    In  fact 

V.  opulus  is  the  single  form  from  which  the  double-flowered  Snowball  has  been  developed. 

It  should  be  noted,  however,  that  there  are  two  forms  of  V.  opulus,  the  Amencan 

and  the  European.    The  American  form  has  an  open,  graceful  habit,  foliage  little 

infested  by  apnids  (plant  lice),  bright  scarlet  berries,  and  brilliant  autumn  color.    The 

European  form  has  a  denser  habit,  with  more  twisted  and  crooked  growth,  darker  red 

berries,  and  foliage  not  only  much  infested  by  aphids  but  also  lacMng  the  handsome 

autumn  color  of  the  American  form.    The  Snowball,  or  Guelder-rose,  has  developed 

from  the  European  V.  opulus,  and  both  it  and  the  European  form  have  foliage  badly 

twisted  and  curled  by  aphids. 

WOODY  PLANTS  IN  ORDER  OP.  BLOOM 

(Trees,  shrubs,  and  vines) 

The  dates  here  given  are  general  only,  and  are  of  interest  mainly  because  they  are 
comparative.  Local  conditions  and  seasons  greatly  influence  the  time  of  bloom.  The 
forms  marked  with  an  asterisk  are  described  above,  in  A  Selected  List  of  Seoeniy-five 
Deciduous  Shrubs,  All  the  plants  are  deciduous  unless  otherwise  stated.  The  letter 
w  brfore  a  name  means  wUd  —  either  native  or  escaped  from  cultivation. 
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March  Height 

Orange  and  red.  HamameUsjaponicavax.  arborea  (Japanese  Witdi- 
hazel).  Often  blooms  in  February  in  roite  of 
ice  and  snow.    A  large  shrub  with  good  loliage.  10  to  15  feet 

April The  most  important  plants  for  bloom  in  April  are 

the  white  *  Magnolia  stellata,  the  yellow  Comus 
mas  and  *Porsythia,  the  delicate  white  and  pink 
evergreen  Trailing  Arbutus,  or  Mayflower  (Epi- 
gaa  repens)  (from  late  April  to  May),  the  red 
Acer  rubrum,  or  native  Red  Maple,  and  the  rosy 
lavender  Rhododendron  [=  Azalea]  mucronula- 
tuntf  the  earliest  of  all  hardy  Azaleas  and  Rho- 
dodendrons. (See  note  on  Azaleas  at  end  of 
April,  page  837.) 

White Daphne  mezereum  var.  album 3  feet 

Erica  camea  var.  alba  (Hardy  Spring  Heatii). 

Eveiigreen 6  to  12  inches 

*Lonicera  fragrantissima  and  L.  standishii.    Have 
small,    fragrant,    white    flowers,    tinged   with 
yellow,  appearing   mostly    before   the  leaves, 
from  late  April  to  early  May.   Spreading  shrubs.    6  feet 
*Magnolia  stellaia.    A  shrub 5to8  feet 

YeUaw. . . .  (w)  Alnus  (Alders),  both  wild  and  cultivated  forms. 
Flowers  in  hanging  catkins,  appearing  before 
the  leaves.    Large  shrubs  or  trees. 

(w)  Benzoin  (BsUvaie  [=B.    odoriferum]    (Spicebush). 

A  large  shrub.     (See  page  81 1.) 10  to  15  feet 

Cornus  mas  (Cornelian  CherrjO.  A  small  tree, 
blooming  about  a  week  before  the  Porsythias, 
and  hardier  than  these  but  not  so  rapid  in 
growth.     (See  pa^e  81 1.) 15  to  20  feet 

(w)  Corylus  (Hazels).  Flowers  in  hanging  catkins, 
appearing  before  the  leaves.  The  filberts  found 
in  the  market  are  the  fruits  of  a  cultivated 
hazel,  Corylus  maxima.    Shrubs 5  to  15  feet 

(w)  Dirca  palustris   (Leatherwood).    A  shrub.     (See 

page  825.) 4to6  feet 

(w)  ♦Forsythia  (Golden  Bell).     (See  page  830.) 

(w)  ScUdx  discolor  (Pussy  Willow).  A  common 
native  shrub,  with  very  blade  winter  buds. 

(See  page  852.) 10  to  15  feet 

Brown. . . .   (w)    XJlmus  amerUana  (American,  or  White,  Elm.) 
Orange. . . .  (w)  Salix   tristis    (Dwarf    Willow).    A  dainty   little 
shrub,  with  slender  ^ray  stems  and  leaves  and 
attractive  male  catkms 12  to  18  inches 

Note. —  Both  the    Pussy    Willow  and  the 
Dwarf  Willow  grow  well  in  dry  soil. 

Red (w)  Acer  rubrum  (Red  Maple).    A  large  tree.     (See 

pages  811  and  823.) 
(w)  Acer   saccharinum    (Soft,  or  White,  Maple).    A 
large  tree.     (See  page  814.) 

Note. — ^The  seeds  of  these  early  maples  are 
ripe  and  fall  by  the  first  of  June. 

Pink (w)  Epigaa  repens  (Trailing  Arbutus).     Late  April 

to  May.    Evergreen 4  inches 

Erica  carnea  (Hardy  Spring  Heath).    Evergreen.  . 

(See  page  854.) 6  to  12  inches 

Rosy  purple  (w)  Daphne  mezereurn 3  feet 
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April  (continued)  Height 

Rosy  purple Rhododendron     [=  Azalea]     mucronulatum.    The 

earliest  of  all  hardy  Azaleas  and  Rhododendrons, 
about  a  week  ahead  of  J^.  vaseyi.  The  leaves 
are  deciduous,  but  they  color  a  handsome  scar- 
let in  fall  4  to  5  feet 

Note. —  Following  is  a  list  of  seven  hardy 
Azaleas  (deciduous  Rhododendrons)  in  order  of 
bloom;  aU  are  native,  except  R.  mucronulatum 
from  northern  China,  and  *R.  kesmpferi  (page 
831)  from  Japan:  R.  mucronulatum,  rosy  laven- 
der, middle  to  late  April;  R.  vaseyi,  light  pink, 
early  May;  *R.  kctmpferi,  scarlet,  middle  May; 
R.  nudiflora  (Pinkster  Flower),  deep  pink,  late 
May;  *R.calendulaceum{Fla.me  Azalea),  yellow 
and  orange,  early  June;  R.  arborescens,  white 
with  red  stamens,  middle  June;  R.  viscosum 
(Swamp  Azalea),  pure  white,  late  June. 

Early  May Shadbush,  or  Juneberry  (Amelanchier),  blooms  at 

this  time,  also  the  early  Spiraeas,  *Thunberg's 
Spiraea  (page  829)  and  *Bridal  Wreath 
(page  832),  Norway  Maple  and  Sugar  Maple, 
Peaches  (both  the  orchard  types  and  the  double 
red-and -white  ornamental  forms,  the  second 
week  in  May),  *Flowering  Almond  (Prunus 
triloba  var.  jlore  pleno,  an  old  favorite),  •Jap- 
anese Quince  {Cyaonia  [=  Pyrus,  or  Chaenom- 
eles]  japonica),  Cherries  (Prunus,  both  wild 
and  cultivated,  the  second  week  in  May),  the 
Weeping  Japanese  Cherry  (Prunus  ptndula), 
Plums  0>oth  the  domestica  types,  the  Japanese 
and  the  native  Canada  Plum),  the  white 
Andromeda  [=  Pieris]  floribunda,  a  compact 
evergreen  shrub,  the  large  tulip-flowered 
Magnolias  (the  tree  form,  M.  conspicua  [=  M, 
yulan],  with  white  flowers,  and  the  large  shrub 
types  such  as  M.  soulangeana,  with  pinkish 
flowers),  the  rosy  purple  *Redbud,  or  Judas 
Tree  (Cercis  canadensis,  page  832),  the  yeUow 
Flowering  Currant  (Ribes  aureum  1=  R.  odora^ 
turn]),  and  last  but  not  least  Rhododendron 
[=  Azalea]  vaseyi,  a  beautiful,  hardy,  light  pink 
Azalea  native  to  the  Appalachian  Mountams. 

White (w)  Amelanchier  Uevis  and  A,  canadensis  (Shadbush, 

or  Juneberry).    Small  trees 30  feet 

(w)  Amelanchier  oblongifolia  l=A.  obovalis].    A  lai^ 

shrub 10  to  15  feet 

(w)  Andromeda   [=  Pieris]  floribunda.     A   compact 

evergreen  shrub 2  to  3  feet 

(w)  Lonicera  canadensis  and  L,  ccerulea.  Small  shrubs.    4  to  5  feet 
*Lonicerafragrantissima.  A  spreading  shrub.  Semi- 
evergreen.     (See  page  831.) 6  feet 

Magnolia  conspicua  [=  M.  yulan].  The  finest 
Tree  Magnoha.  Bears  a  mass  of  bloom  before 
leaves  appear.    From  China To  40  feet 

(w)  Prunus  avtum  (Sweet  Cherry)  in  many  forms, 
Tartarian  being  the  best.  Second  week  in 
May.  A  large  tree. 
Prunus  cerasus  (Sour  Cheny),  as  May  Duke  and 
Richmond.  Second  week  m  May.  A  small  tree, 
prunus  domestica,  as  Lombard  and  Green  Gage 
Plums.    A  small  tree. 
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Eariy  May  {continued)  Height 

White (w)  Prunus  nigra  (Canada  Plum).    Flowers  pinkish 

as  they  fade.    A  small  tree 15  feet 

(w)  Prunus    pennsylvanica    (Bird    Cherry,  or    Wild 

Red  Cherry) To  25  feet 

Prunus  persua  var.  flare  plena  alba  (Double  White 

Peach).    A  small  tree To  15  feet 

Prunus    tamentosa.     A    wide-spreading    shrub. 

About  a  week  ahead  of  P.  pendula 6to8  feet 

Prunus  triflora  (Chinese  Pltun).  A  small  tree. 
The  Japanese  plums  have  developed  from  this 

tjrpe 15  feet 

Spiraa  ar^uta,  A  graceful  shrub,  similar  to  *5. 
thunbergti  but  more  vigorous  and  hardy  and  with 

broader  foliage 4  to  5  feet 

^Spireea  prunifolia  var.  fl^e  plena  (Bridal  Wreath). 

(See  page  832.) 6  feet 

^Spircea  thunhergii.     (See  page  829.) 
Syringa  affinis.   A  new  Chinese  Lilac,  blooming 
as  early  as  the  lavender  5.  ablata.    Buds  are 

not  injured  by  the  cold 10  to  15  feet 

(w)  Vaccinium    pennsyhanieum    (Early    Low    Blue- 
berry.)    (See  page  853.) 6  to  12  inches 

Yellow Acer  platanaides  (Norway  Maple).    An  excellent 

street  tree.  (See  page  815.) 
(w)  Acer  saccharum  (SvLgSiTMSLple).  Flowers  greenish 
yellow,  pendulous  on  long  stems,  appearing 
about  a  week  later  than  those  of  Norway 
Maple. 
*Berberis  thunbergii  (Japanese  Barberry).  A  beauti- 
ful shrub  at  all  times.    (See  page  827.) 4  to  6  feet 

*Lonicera  fra^rantissima.     Flowers  white   or  pale 

yellow,  foliage  semi-c\^ergreen.     (See  page  831.) 

Mahania  aqui folium    (Or^on  Grape).    (See  page 

818.) 2  to  4  feet 

Mahania  repens.    The   hardiest   Mahonia.     (See 

page  818.) I  foot 

{w)*Rhus    canaderisis    [=/?.    aromatica].    Low    and 

spreading.     (See  page  828.)  3  feet 

(w)  Ribes  aureum   (Missouri,   or  Buffalo,  Currant). 

Now  called  R,  odaratum 4to5  feet 

Orange *Cydania     [=  Pyrus,    or     Chcmomeles]    japonica 

(Japanese  Quince).     (See  page  827,  and  Hedge 

Plants,  page  817.) 4  to  6  feet 

Cydania  [  =  Pyrus,  or  Chttnomeles]  maulei.  Re- 
sembles the  *  Japanese  Quince  (C.  japonica), 
but  is  low  and  spreading.    All  the  Cydonias 

are  liable  to  be  infested  with  San  Jos6  scale 2  to  3  feet 

Red Prunus  persica  var.  flare  plena  rubra  (Double  Red 

Peach).    A  ^mall  tree To  15  feet 

Pink Daphne  cneorum    (Garland   Flower).    Compact, 

evergreen.     (See  under  Low  Woody  Plants  Jar 

Rock  Garden  or  Small  Edging,  page  854.) 6  to  12  inches 

Magnolia  alexandrina.     Light  pmk 10  to  15  feet 

Magnolia  soulangeana.    Tinged  rose lotois  feet 

Prunus  persica  (Orchard  Peach).    Second  week  in 

May 15  feet 

Prunus  sargentii  (Japanese  Cherry).  Rosy  pink, 
an  excellent   species.    A  small  tree,  new  in 

commerce. 30  feet 

*  Prunus  triloba  vslt.  flare  plena  (Flowering  Almond). 

(See  page  831 .) 5  to  6  feet 

(w)  Rhododendron   1=^  Azalea]   vc^eyi.    Light   pink..     5  to  8  feet 
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Baily  May  {continued)  Height 

Lavender  or  Prunus  pendula  (Weeping  Japanese  Cherry).    A 

pale  purple  small  tree,  which,  like  Flowering  Almond,  is 

covered  with  a  mass  of  bloom  before  the  leaves 

appear,  the  second  week  in  May.  We«)ing  habit.  15  feet 

Syrtnga  oblata.  One  of  the  first  Lilacs  to  bloom,  but 

the  buds  are  often  injured  bv  cold.    The  plant 

is  of  value  for  its  dark,  leathery  foliage,  which 

turns  a  rich  crimson  in  fall 10  to  15  feet 

Rosy  purple  (w)*Cercis  canadensis   (Redbud,  or  Judas  Tree).    A 

small,  spreading  tree.     (See  page  832.) 20  feet 

(w)  Rhododendron   canadense    (Rhodora).    (See  page 

853.) 2  feet 

Middle  May The  ^Flowering  Dogwood  (Comu5florida)ishloom- 

ing  now,  both  the  white  type  and  the  beautiful 
pink  variety  rubra.  Also  Apples,  Pears,  Native 
Plums,  and  German  Prunes  (a  form  of  Prunus 
domesHca) ,  early-flowering  Crab  Apples  (*Pyrus 
floribunda,  P.  spectabilis,  P.  bacccUa,  and  P. 
haUiana  [=  P.  parkmanii\,  the  Parkman  Crab), 
the  brilliant  ^Japanese  Azalea  (Rhododendron 
[=  Azalea]  keempferi),  the  Blue  Myrtle,  or 
Periwinkle  (Vinca  minor),  and  the  beautiful 
white  and  lavender  Wistarias.' 

White (w)  Amelanchier    sanpiinea.      A     small,     shrubby 

Amelanchier,  with  large  flowers  appearing  two 
weeks  later  than  those  of  A,  canadensis  and 
A.  lavis. 
{w)*Comus  florida  (Flowering  Dogwood).     A  small 

tree.     (See  page  833.) 20  feet 

(w)  Dendrium  l=LeiophyUum]  buxifoUum  (Sand 
Myrtle).  A  dense  evergreen  shrub.  Van 
prostratum  is  a  lower  form.  (See  under  Low 
Woody  Plants  for  Rock  Garden  or  Small  Edging, 

page  854.) To  3  feet 

(w)  Prunus  americana  (Plum)  in  variety,  as  Wyant  and 

Forest  Garden.     May  12  to  20.    Small  trees. .   15  feet 
Prunus  domestica  (Plimi) ,  German  Prune  variety.  15  feet 
(w)  Prunus  hortulana  (Hum)  in  variety,  as  Golden 

Beauty  and  Wayland.    May  15  to  24 15  feet 

(w)  Prunus  maritima   (Beach  Plum).    A  straggling, 

thorny  bush,  with  abimdant  early  bloom 3  to  5  feet 

(w)  Prunus  munsoniana  (Wild  Goose  Plum).    May 

13  to  25 15  feet 

(w)  Prunus    virginiana    (Chokecherry).      A    small 

tree  or  shrub To  15  feet 

Pyrus  baccata  (Siberian  Crab).    Flowers  white. 

Tree  often  as  lai^ge  as  the  common  Apple 20  to  30  feet 

Pyrus  communis  ((Xxiiard  Pear) 20  to  30  feet 

Pyrus  malus  (Orchard  Apple) 20  to  30  feet 

Pyrus  salicifolia.     From  Siberia.    Has   narrow 

silvery  leaves.    A  small  tree 15  feet 

Pyrus  simonii,  A  Chinese  variety.  This  is  the 
earliest  and  most  ornamental  pear.  It  has 
\axge,  abundant  flowers,  and  thick,  shining 
foliage  which  turns  a  bright  red  in  the  fall. 

A  tree To  30  feet 

Pyrus  sinensis  (Chinese  Pear).  Grows  vigorously. 
Has  large  flowers  and  leaves.  The  wdl-fcnown 
Kieffer  Pear  is  a  hybrid  between  the  Chinese 
Pear  (P.  sinensis)  and  the  European  Pear  (P. 

communis) 40  feet 

*Rhodotypos  kerrioides  (White  Kerria) 6  feet 
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Middle  May  (conHnued)  Height 

White Ribes  cereum.    A  small  shrub  from  the  Northwest. 

Has  small,  attractive  leaves  which  show  green 

very  early 3to4  feet 

(w)  Sambucus  racemosa  (Red  Elderberry).  This 
is  in  red  fruit  when  the  Common  Black  Elder- 
berry (5.  canadensis)  is  in  white  flower.  It  is 
commoner  in  woodland  shade  than  S.  cana- 
densiSf  and  under  these  conditions  it  is  more 

loose  and  spreading  in  habit 6to8  feet 

(w)   Viburnum  alnifolia  [=   7.  lantanoides]  (Hobble- 
bush). 
Viburnum  carlesii.    A  new  shrub  from  Korea.    The 
buds  are  red,  changing  through  pink  to  white 

as  the  flowers  open 6  feet 

Viburnum  larOana  (European  Wayfaring  Tree). 
A  laige»  vigorous  shrub,  with  heavy,  wrinkled 
foliage 10  to  15  feet 

YeUow *Kerria    japonica   (Globeflower).    Has  single  or 

double  flowers.     (Seepage  827.) 4  to  5  feet 

(w)  Salix  alba  (White  Willow).  Escaped  from 
cultivation.    A  large  tree. 

Orange Ribes    pinetorum.      Flowers    orange-red.     Prom 

mountains  of  Arizona  and  New  Mexico 3  to  4  feet 

Red Magnolia  lennei.    Flowers  crimson 10  to  15  feet 

*  Rhododendron    [*=  Azalea]     kampferi     (Japanese 

Azalea) 5to8  feet 

Rosy  pink Pyrus  haUiana  [==  P.  parkmanii\  (Parkman  Crab). 

A  large,  graceful  shrub  or  small  tree 20  feet 

(For  the  native  eastern  Crab  Apple  and  also 
Bechtel's  Double-flowering  Crab,  see  under 
Late  May,  Pink,  page  842.) 

Pink *Comusflorida  var.  rubra  (Pink  Dogwood).    A  small 

tree 20  feet 

*  Pyrus  floribunda    (Flowering    Crab).    A  small, 

spreading    tree,    blooming   about   the    second 
week  in  May,  preceding  Qie  Parkman  Crab. . .   10  to  15  feet 
Pyrus  spectabUis  (Chinese  Crab).     Flowers  light 
pink,    in   both    single    and    double    varieties. 

A  small  tree To  15  feet 

Blue Vinca  minor  (Myrtle,  or  Periwinkle).    A  hardy 

trailing  evergreen,  excellent  for  ground  cover, 
especially  in  the  shade. 

Late  May *Garden  Lilacs  in  many  colors  (varieties  of  Syringa 

vulgaris)  are  now  at  their  best  (during  the  third 
and  fourth  weeks  of  May),  to  be  accompanied 
or  followed  closely  by  the  very  graceful  and 
handsome  *Rouen  Lilac  (5.  ckinensis  [=  5.  rotho- 
magensis]).  (See  page  635,  under  5.  vulgaris,) 
Tree  Peonies  (Paonia  moutan)  are  making  a 
great  di^lay  now,  with  magnificent  single  or 
semi-double  flowers  in  many  colors.  These  are 
woody  Peonies  from  2  to  5  feet  high,  from  China, 
and  are  the  earliest  of  all  the  Peonies  to  bloom. 
They  are  more  difficult  to  grow  than  her- 
baceous Peonies.  Bush  Honeysuckles  ( *Lonicera 
tatarica,  L,  morroivii,  and  ttieir  varieties)  are 
in  bloom  at  the  same  time;  also,  *  Spiraa 
vanhouttei  for  white,  *Berberis  vulgaris  and 
Caragana  frutescens  for  yeUow,  and  Rhodo- 
dtndron   carolinianum,   Eastern    Crab    Apple 
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(Pyrus  coronaria)  and  *Bechtel*s  Crab  (Pyrus 
ioensis  var.  bechtelii),  and  Rhododendron  [=Azar 
lea]  nudiflara  for  pink.  The  Horse-chestnut  and 
the  red  Buckeye  are  also  in  bloom  by  the  last  of 
May,  also  the  Cinnamon  Rose  (Kosa  cinna^ 
Tnomea),  which  is  the  earliest  of  the  Roses. 

WkUe Msculushippocastanum  (Horse-chestnut).  Flowers 

tin|;ed  with  red.    A  lai^ge  tree. 
(w)*i4f(mta    [=  Pyrus]   arbuUfoHa,      Has    beautiful 

red  benies.     (See  page  827) 4to6  feet 

(w)  Aronia  [==  Pyrus]  nigra 4to6  feet 

Chionanthus  reiusa  (CSiinese  Fringe  Tree) .  Blooms 
from  a  week  to  ten  days  earlier  than  *C.  virginica. 
Flowers  in  short,  erect,  nodding  clusters,  bark 
on  older  twigs  exfoliating  (peeling  off). 

(w)  Cornus  aUemifolia To  20  feet 

{W)*Corntis     stoUmifera     (Red     Osier      Dogwood). 

A  spreading  shrub 6  feet 

(w)  CraUBgus  arkansana 15  feet 

(w)  CraUBgus  coccinea 15  feet 

^w)  CraUBgus  oxyacantha,     (English  Hawthorn) 15  to  20  feet 

(w)  CraUBgus    punctata.     Has    a    very    picturesque 

honzontal  branching,  like  *C.  crus-gdli 15  to  20  feet 

Cydonia  [=  Pyrus,  or  Chcmomeles]  vulgaris  (Com- 
mon Quince).    A  shrub  or  small  tree. 

Deutzia  gracUds 2to3  ^eet 

Deutzia  lemoinei.    A  better  hybrid  of  the  preceding 

species 3to4  feet 

Exochorda  grandiflora  (Pearlbush) 6to8  feet 

Halesia  Carolina  [=  H.  tetraptera]  (Snowdrop  Tree, 
or  Opossum  Wood).    A  laxge  shrub  or  small 

tree To  20  feet 

(w)  Leucotkoe  calesbai.    Has  large  leaves,  dark  and 

evergreen.    An  arching  shrub 2to3  feet 

Lonicera  heUa  (a  hybrid  between  *L.  tatarica  and 
L.  morrovm).    Flowers  often  tinged  pink.    A 

large,  upright  shrub 8  to  10  feet 

Lonicera  morrowii.  Flowers  tinged  with  or  fading 
to    yellow.    A   broad-spreading  shrub.     (See 

page  826.) 6  feet 

(w)*Lonicera  tatarica  (Tartarian  Honeysuckle). 
Flowers  often  tinged  with  pink  but  never 
with  vellow.  The  common  Bush  Honeysuckle. 
A  tall,  upright  shrub,  with  perfectly  smooth 

leaves  and  twigs.     (See  page  834.) 8  to  10  feet 

Spiraa   cantoniensis    [=5.    reeoesiana].    One  of 

the  parents  of  *S.  vanhouUei 4  feet 

Spiraa  trilohata.  The  other  parent  of  *5.  van- 
houUei,   A  slender  shrub To  4  feet 

*Spir(Ba  vanhouUei,  (See  page  832.) 6  feet 

*Syringa  chinensis  [=5.  rolh&magensis]  var.  alba 

(Rouen  Lilac).   (See under  5.  wJgaris, page  835.)  10  to  12  feet 
*Syringa  persica  var.  alba  (Persian   Lilac).    Re- 
sembles its  hybrid,  the  *Rouen  Lilac  mentioned 
above,  but  is  not  so  large,  handsome,  or  vig- 
orous.    (See  under  S.  vulgaris,  page  835.) 6  to  8  feet 

(w)  Vaccinium  corymbosum  (High  Bush  Blueberry). 

(See  page  821.) 5*08  feet 

viburnum  opulus  var.  sterilis  (Common  Snowball) .  10  to  12  feet 
(w)*  Viburnum  prunifolium   (Black  Haw).    A  bushy 

tree.     (See  under  V,  lenlago,  page  835.) 10  to  15  feet 

Viburnum  tomentosum,  A  spreadmg,  flat-topped 
shrub 6to8  feet 
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White Viburnum  wrighiii.     This  and  *  V.  opulus  (High 

Bush  Cranberry)  are  the  best  red-berried  Viber- 
nums.  An  upright  shrub.  Similar  to  7.  <fi/t/a^«m, 
but  has  lari^er  nttit  and  handsome  glossy  foliage.  8  to  10  feet 
Wisteria  chtnensis  var.  alba  (Wistaria).  (See 
under  Flowering  Vines  ^  page  851,  and  under 
Lavender  bdow.) 

Yellow..,,  (w)  ^sculus     glabra     (Ohio      Buckeye).      Flowers 

greenish  yellow.    A  small  tree 30  feet 

(w)  Msculus  octandra,    A  large  tree 40  to  60  feet 

(wyBerberis  vulgaris  (Common  Barberry) 6to8  feet 

Caragana  frutescens  (Pea  Tree) 6to8  feet 

Laburnum  vulgar e  (Golden  Chain).    A  small  tree . .  To  20  feet 

(See  L.  alpinum,  page  833.) 
Lonicera  morrowii,     (See  under  White.) 
(w)  Magnolia    acuminata    (Cucumber  Tree).    Flow- 
ers greenish  yellow.    A  large  tree. 

Red Msculus   camea    [=  £s.  rubicunda]  var.  hriotii. 

The  best  red  Buckeye.    Flowers  scarlet.    A 

small,  compact  tree 30  feet 

*Crat(Bgus  oxyacantha  var.  paulii  (Paul's  Double 

Red  Thorn).     (See  page  833.) 15  to  20  feet 

Rhododendron  [=  Azalea]  hinodegira.    A  low  ever- 
green shrub.     (See  page  854.) 

Pink Lonicera  heUa  var.  rosea.    An  excellent  hybrid  of 

*L.  tatarica 8  to  10  feet 

Lonicera  spinosa  [=  L.  albertii\.    (See  page  853.) ...     i  to  2  feet 

Lonicera  tatarica  var.  splendens 10  to  15  feet 

(w)  Pyrus  coronaria.     (Eastern  Crab  Apple.)   Flowers 

single,  pink 20  feet 

*  Pyrus  ioensis  var.  bechteUi  (Bechtel'a  Ciab).    (See 

page  834.) 15  to  20  feet 

(w)  Rhododendron  carolinianum  [=  R.  punctatum  in 
part].  The  best  early  evergreen  Rhododendron. 

Low  and  evergreen.     (See  index.) 3  to  5  feet 

(w)  Rhododendron     [=  Azalea]     nudiflora     (Pinkster 

Flower,  or  Wild  Hopeysuckle) 3to5  feet 

Rosy  lavender.. .  Rosa  dnnamomea  (Cinnamon  Rose).    The  earliest 

Rose 5  to  6  feet 

*Syringa  chinensis  [=5.  rothomagensis]  var.  rubra 

(Rouen Lilac).    (Seeunder5.twgafM,page8^5.)  10  to  12  feet 
*Syringa  persica  var.  rubra  (Persian  Lilac).     (See 

under  S.  vulgaris,  page  835.) 6  to  10  feet 

Lavender Wisteria  chinensis  (Wistaria).  This  sometimes  does 

not  bloom  until  early  June,  and  sometimes  not 
at  all.  In  the  latter  case  the  roots  should  be 
pruned  in  spring  by  digging  a  trench  around  the 
plant,  three  feet  out  from  the  stem  if  the  plant 
is  a  large  one,  and  two  feet  deep  in  order  to  cut 
all  the  roots.  The  trench  should  be  refilled 
with  poor,  rather  than  rich,  soil,  having  mixed 
with  it  some  phosphoric  acid  fertilizer  such  as 
bone  meal  or  acid  phosphate.  Phosphorus 
stimulates  the  growth  ot  flowers  and  fruit.  The 
top  should  be  pruned  back  rather  heavily.  The 
foflowing  spring  some  flowers  should  appear. 
After  the  flowering  is  over  and  just  as  leaf 
growth  is  beginning,  the  top  should  be  pruned 
again.  The  second  spring  the  plant  should  flower 
normally.  (See  under  Flowering  Vines,  page  851 .) 
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Blue-lavender..  ^Syringa  chinensis  [=3.  rothomagensis])    (Rouen 

Lilac).     (See  under  5.  vulgaris ,  page  835.) 12  feet 

Eaily  June Many-colored  *Diervillas  begin  to  blossom  in  early 

June  (see  page  830);  also  hybrid  Rhododen- 
drons in  great  vanety,  from  eariy  to  middle 
June.  (See  Rhododendrons,  page  818.)  Other 
plants  in  bloom  at  this  time  are  the  Rose 
Acacia  {Robinia  hispida),  the  *  White  Fringe 
(Chionanihus  virpnica),  the  *vScotch  Laburnum 
{Laburnum  alptnum),  which  is  yellow,  the 
♦Scotch  Rose  (Rosa  spinosissima),  Harrison's 
Yellow  Rose,  the  ♦Japanese  Rose  (R.  rugosa), 
the  ♦Cockspur  Thom  (Crata^us  crus-gaUi), 
the  *  Flame  Azalea  (Rhododendron  [=  Azalea] 
calendulaceum),  and  the  last  of  the  Shrubby 
Lilacs  (Syringa  villosa). 

White (w)  Andromeda     [=  Pieris,     or     Lyonia]     mariana 

(Staggerbush) 2  to  3  feet 

(w)*Chionanthus   virginica     (Fringe    Tree).    A  large 

shrub  or  small  tree To  30  feet 

Comus  alba.  The  commonest  cultivated  red- 
stemmed  Dogwood.  More  upright  than  *C. 
stolonifera  (Red  Osier  Dogwooa) 8  to  10  feet 

(w)  Comus  circinata  [=  C.  rugosa]  (Round-leaved 
Dogwood) .  Has  the  best  foliage  of  the  shrubby 
Dogwoods.    One-year  twigs  with  brown  dashes.    6  feet 

(wyCraUtgus  crus-gaUi  (Cockspur  Thom).  (A  small 
tree,  with  horizontal  branches  and  very  long 
thorns.    (See  page  833.) 15  to  20  feet 

(w)  CrakBgus  nitida,     A  small  tree 15  feet 

(w)  Cratagus  tomentosa,    A  small  tree 15  feet 

(w)  Prunus     seroUna     (Wild     Black     Cherry).     A 

large  tree To  80  feet 

*Rosa  rugosa  var.  alba.  A  Japanese  Rose.  Very 
hardy  and  desirable.  Blooms  throughout  Jtme. 

(See  page  828.) 3  to  5  feet 

*Rosa  sptnosissima  var.  aUaica  (Altai  Rose.)  Sibe- 
rian form  of  the  Scotch  Rose.  A  very  dainty 
Rose.    (See  under  R.  spinosissima,  page  828.) . .     2  to  3  feet 

(w)  Sorbus  americana    (American  Mountain  Ash).    A 

small  tree 20  to  30  feet'* 

Sorbus  aucuparia  (European  Mountain  Ash) 30  to  40  feet 

Spiraa  bracteata.  This  begins  to  bloom  about  the 
second  week  in  June,  after  *S,  vanhouUei.  Has 
excellent  dark  glossy  foliage  and  verv  pictur- 
esque winter  form.  (See  under  Deciduous 
Shrubs  Sor  Foliage,  page  826.) 

{yf)*  Viburnum  letUago  (Namwberry).  (See  under 
Deciduous  Shrubs  for  FoUage,  page  826,  and 
page  835.)    A  laige  shrub  or  small  tree To  20  feet 

(w)*  Viburnum  opulus  (High  Bush  Cranberry).     (See 

page  835.) 

Viburnum  piicalum  [=V,  tomentosum  var.  dUitatum] 
(Japanese  Snowball).  Better  than  the  Com- 
mon Snowball  (V.  opulus  var,  sterilis).    Has 

good  flowers  and  hanasome  glossy  foliage 6  to  8  feet 

(w)   VUmmum  pubescens 4  to  5  feet 

Viburnum  sieboldii.  Has  large,  wedge-shaped 
leaves,  with  a  strong  odor  when  crushed.  Aliuge 
shrub  or  small  tree 20  to  30  feet 
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Early  June  (continued)  Height 

Yellow ^Laburnum  alpinum    (Scotch    Laburnum).     (See 

page  833.) 20  to  30  feet 

(yv)* Rhododendron    [=  Azalea]  calendulaceum  (Flame 

Azalea).     (Also  orange.)     (See  page  831.) 5  to  8  feet 

(w)  Rhus  typhina  l=R.  hirta]  (Staghom  Sumac).    (See 

under  Deciduous  ShriAs  for  Foliage,  page  826.)     20  feet 
Rosa  harrisonii  (Harrison's  Yellow  Rose).      (See 
page  820.) 

Orange (y9)*Rhododendron   [=  Azalea]  calendulaceum    (Flame 

Azalea).     (See  page  831.) 5to8  feet 

Red *Rosa  rugosa.   Blooms  throughout  June.    (See  page 

828.) 3to5  feet 

Pink *DierviUa   hyhrida,   Le   Printemps  variety.     (See 

page  830) 6to8  feet 

(w)  Robinia  hispida  (Rose  Acacia) 4  to  5  feet 

(w)  Rosa  blanda.    The  earliest  of  our  small  native 

Roses 4  to  6  feet 

Rosa   hibemica  var.  gravesii.    Flowers  a  delicate 
shell  pink.    A  hybrid  of  *R.  spinosissima  and 

R.  canina 2  to  3  feet 

*Roso  rugosa.    (See  page828.) 3  to  5  feet 

Lavender Syringa  villosa,    A  bushy  shrub,  the  last  of  the 

shrubby  Lilacs 6  to  8  feet 

Middle  June Roses — especially  the  rambler  rose  *Tausendsch6n 

and  the  shrubby  *  Japanese  Rose  (Rosa  muUi- 
flora) —  the  old  sweet-scented  *Syringa,  or  Mock 
Orange  (Philadelphus  coronarius),  viburnums, 
Mountain  Laurds  (Kalmia),  and  Japanese 
Honeysuckle  (Lonicerajaponica),  are  the  domi- 
nant flowers  in  the  middle  of  June.  The  Com- 
mon, or  Black,  Locust  (Robinia  pseudacacia) 
and  the  *Yellowwood  (CladrasUs  lutea  [=  C,  tine- 
toria])  both  begin  blooming  now.  The  beautiful 
semi-evergreen  Sweet  Bay  (Magnolia  glauca 
[=  M.  virginiana])  will  also  continue  to  open  its 
fragrant  white  flowers  until  the  middle  01  July. 
Monejrwort,.  or  Creeping  Charlie  (Lysimachna 
■  nummularia)f  has  ycJlow  bloom  in  Jime  and 
early  July. 

White (w)  *Cladrastis  luUa  [:=  C.  Hnctoria]  ( Yellowwood).  (See 

page  832.) 30  to  40  feet 

(w)  *Cornus    paniculata     [=  C.  candidissima].     (See 

page  829.) 5to8  feet 

(w)  Kalmia  latifolia  (Mountain  Latu-el).  The  best 
broad-leaved  evergreen  shrub.  Flowers  white 
to  pink.  Old  plants  sometimes  15  feet  high. 
(See  p^e  818.) 5  to  8  feet 

(w)  Lonicera  japonica  (Japanese  Hone5rsuckle.)  Semi- 
evergreen.     (See  under  Yellow.) 

(w)  Magnolia  glauca  [==  M,  virginiana]  (Sweet  Bay). 
Semi-evergreen.  Native  as  far  north  as  Cape 
Cod,  and  becoming  treelike  in  the  South 8  to  15  feet 

(w)  Opidaster  opulifolius  (Ninebark).  Called  also 
rhyso carpus,  or  Spiraea.  A  coarse  shrub,  with 
characteristic  shreddy  bark 8  to  10  feet 

iw)  *  Philadelphus  coronarius  (Syringa,  or  Mock  Orange)     8  to  10  feet 
w;  Rhododendron    [=  Azalea]    arborescens.    Flowers 

white,  with  red  stamens 8  to  10  feet 

(w)  Robinia  pseudacacia  (Common,  or  Black,  Locust). 

Has  himging  clusters  of  fragrant  white  flowers. .  80  feet 
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Middle  June  {continued)  Height 

Winte *Rosa  mulHflora.    A  Japanese  rose.    (Seepage  831.)  6  feet 

Siyrax  japonica.     A  large  shrub  or  small  tree To  30  feet 

(v9)*Viburnum  acerifoHum  (Maple-leaved  Viburnum). 

(See  page  829.) 4  to  6  feet 

(w)  Viburnum  cassinoides  (Withe-rod).  Has  hand- 
some dark  leaves,  with  wavy  margins  or  almost 

entire 4  to  6  feet 

(w)* Viburnum  dentatum.     (See  page  835.) 10  to  15  feet 

Yellow Colutea   arborescens  (Bladder  Senna) 10  to  15  feet 

(w)  Liriodendron  tulipifera  (Ttdip  Tree,  or  White- 
wood).  Has  tuhp-like  flowers,  greenish  yellow 
with  orange  center.  Leaves  squared  or  with 
wide  angled  notch  at  the  end,  verjr  character- 
istic. A  large  tree,  with  soft,  brittle  wood.  . 
(See  Bad  Street  Trees,  page  815,  also  page  816.) 

(w)  Lonicera  japonica  (Japanese  Honeysuckle). 
Escaped  from  cultivation.  (See  page  850.) 
Flowers  (in  June  and  July)  fragrant,  faoing 
yellow.  Hall  s  Honeysuckle  is  a  fall-blooming 
variety.   Both  are  semi -evergreen. 

(w)  Lysimachia  nummularia  (Moneywort,  or  Creeping 
Charlie).  A  creeping  evergreen.  (See  page 
854.) 

Pink (w)   Kalmia   latifolia    (Mountain    Laurel).     Flowers 

range  from   white   to  light  pink.     {See  While, 

above.)  The  best  broad-leaved  evergreen  shrub.  * 

(See  page  818). 

(w)  *Rosa  lucida  (Glossy  Rose).     Has  red  stems  armed 

with  rather  stout  prickles 4to6  feet 

(w)  Rosa  nitida.    Has  x«i  stems  thickly  beset  with 

weak  bristles.     (See  page  826.) 2to    3  feet 

•Rose,  Tausendschdn,     (See  page  828.) 

Blue Sophora  vicifolia.    Has  an  abundance  of  blue  and 

white  pea-shaped  flowers.    A  new  shrub 4  to  5  feet 

Late  June The  Common  Black  Elderberry  {Sambucus  cana- 
densis) is  coming  into  white  flower  everywhere, 
and  the  Red  Elderberry  {Sambucus  racemosa)  is  in 
red  fruit  at  the  same  ttme^  Other  plants  of  special 
note  are  the  Crimson  Rambler  Rose,  the  Tree 
Lilac  {Syringa japonica) tihe  "^Washington Thorn 
{CraUegus  cordata)  —  the  finest  of  allThoms  — 
the  m^ium -blooming  Syringas  {*Philadelphus 
inodorus  and  *P.  latifolius),  two  yellow-flowered 
and  green-stemmed  shrubs,  Scotch  Broom  {Cy- 
tisus  scoparius)  and  Dyer's  Weed,  or  Woodwax 
{Genista  tinctopia),  and  finally  the  *Privets, 
both  the  low,  graceful  Regel's  Privet  and  the 
taller  ibota  and  vulgare  types. 

White {w)  Andromeda    [=Zenobia]    speciosa.     A    graceful 

shrub.  Has  the  largest  flowers  of  all  the  ^drom- 
edas.  Var.  pulverulenta  is  a  glaucous  or  blue 
silvery  form  which  is  handsomer  than  the  green 
type.    The  foliage  is  semi-evex^reen 3to   4  feet 

(w)  Cornus  amomum  [=  C.  sericea]  (Silky,  or  Purple- 
stemmed,  Dogwood).  An  excellent  spreamng 
shrub,  but  not  so  safe  for  **  filler  "  as  C.  panicu- 
lata,    (See  top  of  page  830) 5  to    8  feet 

M^Cratagus  cordata  (Washington  Thorn).    The  best 

of  the  Thorns.    A  small  tree To  30  feet 
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Late  June  (continued)  Height 

White Deutzia  scabra  var.  flore  plena  (Deutzta,  Pride  of 

Rochester).  Habit  stiff  and  foliage  rough. 
Plant  usually  killed  back  and  full  of  deadw«xl 

in  spring 4  to6  feet 

*Ligustrum  ibota  (Ibota  Privet).     (See  L.  vulgare^ 

page  350,  and  Hedge  Plants,  page  817.) 6  to  8  feet 

*Ligustrum  ibota  var.  regelianum    (Kegel's  Privet). 

(See  page  827.) 5  to  6  feet 

(w)  *Ligustrum  vulgare  (Common  Privet).    Semi-ever- 
green.  Page  834,  and  Hedge  Plants,  page  817.) .     6  to  8  feet 
(w)  * Philadelphus  inodorus,  *P.  UUif alius,  and  *P.  lem- 

oinei.     (See  pages  831,  834,  828.) 
(w)  Rhododendron     [=  Azalea]     viscosum.      (Swamp 

Azalea) 5  to   8  feet 

(w)  Satnbucus  canadensis  (Common  Black  Elder- 
berry)      8  to  10  fOBt 

Syringa  japonica  (Tree  Lilac).  A  small,  round- 
topped,  compact  tree,  with  shining  bark  like  a 
Sweet  Cherry  (Prunus  avium),  and  large,  erect, 
symmetrical  clusters  of  creamy  white,  ill-smell- 
ing flowers 30  feet ' 

(w)  Viburnum  venosum  (=  K  molle  as  known  com- 
merciallv).  Like  *  F.  dentatum,  but  more  vigor- 
ous, and  with  twigs  and  under  surface  of  leaves 
rough  pubescent 8  to  10  feet 

Yellow Cytisus  scoparius  (Scotch  Broom).    A  half-hardy, 

green-stemmed  shrub 5  to  8  feet 

Genista  tinctoria  (Woodwax,  or  Greenweed).  A 
weak  shrub,  with  green  stems,  both  prostrate 
and  erect,  sometimes  spreading  over  whole  fields.    To  2  feet 

Red *Diervilla  hybrida,  Eva  Rathke  variety.    (See  page 

830.) 
Rose,  Crimson  Rambler.     (See    Rambler   Roses, 
under  Flowering  Vines,  page  850.) 

Rosy  pink Halimodendron  argenteum   (Salt  Tree).  A   very 

hardy  shrub  from  the  salt  fields  of  Siberia.  H£^ 
delicate  rose-colored  flowers,  and  graceful,  sil- 
very green  foliage. .  ^ 6  to  10  feet 

Dark  purple  (w)  Amorpha  fruticosa  (Bastard  Indigo).    Has  com- 
pound leathery  foliage.    A  large  shrub 10  to  15  feet 

Barly  July Chestnuts  and  Hardy  Catalpas  are  now  the  domi- 
nant features  in  the  landscape.  The  Lindens 
and  the  Basswoods  (Tilia),  tne  Sorbarias,  the 
summer-blooming  Spiraeas  {*S.  japonica  and  *S, 
salicifolia),  many  ot  the  newer  Rambler  Roses 
(largely  wichuraiana  hybrids),  the  New  Jersey 
Tea  (Ceanothus  americanus)  in  diy  fields  and 
woods,  and  Jackman's  Clematis  (Clematis  jack- 
manii)  in  both  purple  and  white  varieties,  are 
also  blooming  throughout  July. 

White (w)  Castanea  americana  (Chestnut).    A  broad,  spread- 
ing tree, 
(w)  Catalpa  speciosa  (Hardy  Catalpa).    A  coarse  tree 
type,  rapid-growing  but  wejuc-wooded  and  not 
hard)'  in  the  northern  part  of  the  State. 

(w)  Ceanothus  americanus  (New  Jersey  Tea) 2  to  3  feet 

Clematis  jackmanii  v&r.  alba  (See  Flawering  Vines^ 
page  850.) 
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Early  July  {continued)  Height 

White Philadelphus  insignis.  Large,  handsome,  and  late- 

bloonung.    An  old  hybrid,   sometimes   called 

**  Souvenir  de  Billard.    10  to  15  feet 

(w)  Sorbaria  sorbifolia 3  to  4  feet    • 

{w)*Si>ir(ea    salictfolia   [=5.  alba]    (Queen,  of    the 

Meadow).    (See  5.  billardii,  page  832.) 3  to  5  feet 

(w)  Tilia  americana  (American  Basswood).  Flowers 
creamy  white.  Blooms  a  week  later  than  the 
European  Lindens  (T.  platyphyllos  and  T.  vul- 
garis) mentioned  bdow 80  feet 

TUia  petiolaris  (Weeping  Silver  Linden).   The  best 

Linden  for  specimen  planting 50  feet 

Tilia  platyphyllos  and  T.  vulgaris.  Both  of  these 
are  known  commercially  as  Tilia  europaa 
(European  Linden) 80  feet 

Yelhw Cytisus  nigricans.    The  best  hardy  Cytisus 2  to  3  feet 

(w)  Hypericum  huckleii.  The  earliest  Hypericum, 
forming  neat,  compact  mats.      Native  in  the 

South I  foot 

(w)  PoteniiUa    frttUcosa.      A     low,    much-branched 

shrub,  with  peculiar  shreddy  bark i  to3  feet 

Orange  and  red,  Lonicera  heckrottii:  (See  Flowering  Vines,  page  850.) 

Pink (w)  Rosa  Carolina   (Swamp  Rose).    The  last  of  our 

native  Roses 6  to  8  feet 

(w)  Rubus  odorcUus  (Flowering  Raspberry,  or  Thim- 
bleberry).  A  slender  but  vigorous  shrub,  with 
very  shreddy  bark  and  laije,  lobed  leaves. 
Young  stems  sticky-hairy.    Plant  good  in  moist 

shade 4  to  6  feet 

^Spiraa  japonica  [=  5.  ccMosa].   (See  page  829.)  . .     4  feet 
*Spiraa  salicifolia.   (See  S.  billardii,  page  832.)  —     3  to  5  feet 

Lavender *Amorpha  canescens  (Lead  Plant).  From  the  Middle 

West.  A  very  beautiful  plant,  with  silvery 
stems  and  leaves,  and  slender  spikes  of  small 
lavender  flowers 3  to  4  feet 

Purple Clematis  jackmanii,     (See  Flowering  Vines,  page 

850.) 

Middle  July The  red  Trumpet  Creeper  ( Tecoma  [=  Bignonia] 

radicans)  and  'the  white  Memorial  Rose  (Rosa 
wichuraiana)  are  in  full  bloom  now,  and  the 
native  pink  *Prairie,  or  Michigan,  Rose  is  just 
beginning.  The  *Hills  of  Snow  Hydrangea 
(Hydrangea  arborescens  var.  sterilis)  is  in  white 
flower,  and  the  *  Varnish  Tree  (Koelreuleria 
paniculata)  is  in  conspicuous  yellow  flower. 
The  *Smoke  Bush  (Rhus  cotinus),  the  white 
*Sorbaria  aitchinsonii,  the  pink  *Spir(Ea  doug- 
lasii,  and  the  *  Dwarf  Buckeye  (jEscuIus  par- 
viflora,  sometimes  called  Pavia  macrostachya), 
are  noticeable  at  this  time.  Scotch  Heather 
(Calluna  vulgaris)  also  blooms  during  July  and 
August.  This  has  escaped  from  cultivation 
and  become  established  in  both  Massachusetts 
and  Nova  Scotia. 

White (w)  *^sculus  parviflora  (Dwarf  Buckeye).     (See  page 

829.) 5  to  8  feet 

(w)  *'Hydrangea  arborescens  var.  sterilis  (Hills  of  Snow). 

(See  page  830.) 5  *°  ®  ^^* 

(w)  Hydrangea  radiata 5to8  feet 
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Middle  July  (continued)  Height 

White Ligtistrum   avaUfolium  (California  Privet).    This 

kills  back  so  much  that  it  seldom  flowers  or  fruits 
in  the  North.  The  flowers  are  creamy  white  and 
the  fruit  black  and  shining,  in  terminal  dusters 
like  those  of  the  similar  but  hardy  *Ligustrum 
vulgare, 
Rosa  wichuraiana  (Memorial  Rose).  Has  con- 
tinuous white  blooms  throughout  July.  (See  Low 
Woody  Plants  for  Ground  Cover,  page  852,  and 
under  Rambler  Roses ,  pa^e  851.) 
*Sorbaria  [==  Spiraa]  aitchtnsonii.  Better  than 
Sorb,  sorbifolia,  and  a  great  addition  to  summer- 
blooming  Spiraeas  such   as  *Spir(Ba   salicifolia 

[=  5.  oSo]  and  *S.  japonica  [=  5.  callosa] 6  feet 

(yr)*Symphoricarpos    racemosus    (Snowberry).      (See 

page  829.) 4  to  6  feet 

Yucca  filamentosa  (Adam's  Needle) .  A  hardy  ever- 
green, with  imderground  stems,  and  long,  sword- 
shaped,  sharply  pointed  leaves  in  low,  rosette- 
like clusters.  Curly  fibers  on  leaf  margins, 
flowers  in  large  cluster  on  long,  upright  stem. 

Pink (w)  Calluna  vulgaris    (Scotch   Heather).    Evergreen. 

(See  Low   Woody  Plants  for  Rock  Garden  or 

Small  Edging,  page  853.) 2to3  feet 

Indigofera  keruowii.     Kills  down,  but  springs  up 

vigorously.     Flowers  small,  pe?ilike 2to3  feet 

(w)  Phyllodoce  [=  Bryanthus]  ceerulea  (Mountain 
Heath).  Evergreen.  An  alpine  shrub.  (See 
under  Low  Woody  Plants  for  Rock  Garden  or 

Small  Edging,  page  854.) 3to6  inches 

(w)  *Rosa  setigera  (Prairie,  or  Michigan,  Rose) .    ( See 

I)age  828.)  4  to  6  feet 

*Spir(Ba  biUardii,    (See  page  832.) 5to6  feet 

*Spireea  douglasii.  A  vigorous  plant  from  the 
Northwest.  Like  *S,  tomentosa,  but  larger  and 
earlier  in  bloom.     (See  5.  biUardii,  page  832.)  .     6  to  8  feet 

Rosy  purple. .   *Rhus  cotinus  (Smoke  Bush).    (See  page  834.) 10  to  15  feet 

Late  July Hypericiuns,   Summer  Lilac  {Buddleia  variabilis 

[=B,  doMii]),  Sweet  Pepper  Bush  (Clethra  alni- 
folia),  the  little  red  *Sptr(Ba  bumalda,  Anthony 
Waterer  variety,  and  the  white  *Spircai  albifiora, 
become  interesting  now  and  continue  into 
August. 

White (w)  Clethra  alnifolia  (Sweet  Pepper  Bush).    Flowers 

in  narrow,  upright  spikes.     Is  best  planted  in 

moist  soil ' 5  to  8  feet 

Hydrangea  paniculata  var.  prcecox.  This  is  an  early- 
flowering  form  of  the  single  wild  Hydrangea  of 
China  and  Japan  (*H.  paniculata),  a  late-flower- 
ing type  from  which  has  been  developed  the 
common  double  late-flowering  *Hardy  Hydran- 
gea (H.  paniculata  var.  grandtflora,  described  on 

page  833) ID  to  15  feet 

(w)  Oxydendrum  arboreum  (Sorrel  Tree,  or  Tree 
Andromeda).  A  very  graceftd,  small  tree,  with 
nodding  clusters  of  creamjr  white  flowers  against 
a  rich,  glossy  foliage  turning  orange  and  red  in 

the  fall ..30  feet 

*Spir(Ba  albifiora,  (See  page  828.)  Dense  and  com- 
pact     18  inches 
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Late  July  {continued)  Height 

Yellow iyr)* Hypericum  aureum,    (See  page  827.) 3  feet 

iyt)* Hypericum  proliftcum.     (See  page  827.) 3  feet 

Red *Spir(Ba  bumalda,  Anthony  Waterer  variety.    (See 

page  828.) 2  feet 

Blue *Buddleia  variabilis  [=5.  damdii]  var.   magnifica 

(Summer  Lilac).    (See  page  827.) 4  to  5  feet 

August The  *Hardy  Hydrangea,  white,  both  single  and 

double,  the  old-fashioned  *Rose  of  Sharon 
(Hibiscus  syriacus)  in  several  colors  —  white, 
pink,  blue,  and  puxple  —  the  *Steeplebush,  or 
Hardhack  {Spircea  tomentosa) ,  and  the  inconspic- 
uous flowers  of  *Coralberry  (Symphoricarpos 
vulgaris),  bloom  in  August.  Lonicera  heckrotiii, 
the  Hybrid  Honeysuckle  already  mentioned  as 
blooming  in  July  and  described  under  Flowering 
Vines  (page  850),  is  blooming  profusely  and 
continuously,  and  the  Japanese  Pagoda  Tree 
(Sophora  japionica)  has  long,  han|[ing  clusters  of 
yellowish  white  flowers  at "  this  time.  Vitex 
indsa  also  blooms  throughout  August.  This  is 
a  strongly  aromatic  shrub  from  6  to  8  feet  high, 
with  light,  delicate  foliage,  and  lavender-colored 
flowers  in  terminal  pyramidal  clusters.  The 
leaves  are  digitatdy  compound,  like  a  horse- 
chestnut  leaf,  with  deeply  cut  leaflets,  grayish 
hairy  below. 

September...  (w)  Ampelopsis  quinqueJoUa  (Virginia  Creeper),  now 
called  Pdrihenocissus  quinqu^olia.  Is  in  beau- 
tiful autumn  color  at  this  time,  and  makes  a 
fine  combination  with  the  Japanese  Clematis, 
(w)  Baccharis  halimifolia.  A  shrub  now  covered  with 
its  fluffy,  hairy  fruit,  which  resembles  a  mass 

of  white  flowers 4to    8  feet 

The  Japanese  Clematis  (Clematis  paniculata)  is  the 
most  conspicuous  plant  in  flower  during  Sep- 
tember and  October.  (See  Flowering  Vines, 
page  850.) 

October (w)*Hamamelis  virginiana,     (See  page  833.) 10  to  15  feet 

VINES 
Vines  for  Brick  and  Stone 

Deciduous  (CUmb  by  tendrils  ending  in  disks) 

Boston  Ivy    (Ampelopsis   veitchi%    [=  A,  tricuspidata],   now   called  Parthenocissus 
iricuspidata). 
Evergreen  (Climb  by  rootlike  holdfasts) 

English  Ivy  (Hedera  helix).    Somewhat  tender.    Best  on  north  or  east  side  of  house, 

where  it  is  protected  from  the  winter  sunlight. 
Evonymus  radicans.    Hardier  than  English  Ivy.     The  variety  vegeta,  with  broad, 
round  leaves,  is  the  best.    Is  doubly  attractive  when  care  is  taken  to  get  fruiting 
forms  that  give  a  fine  contrast  of  orange  and  red  berries  with  dark  green  foliage. 

Vines  for  Foliage 
Note. —  Evon^fmus  radicans,  Hedera  helix,  and  Vinca  minor  are  good  evergreen 
vines.  Lonicera  japonica  var.  hcUliana  is  semi-evergreen,  holding  good  foliage  until 
Christmas.  Forsythia  suspensa,  Tecoma  [^  Bignonia]  radicans,  and  (especially) 
Wisteria  chinensis,  also  have  good  foliage,  but  are  classed  as  flowering  vines. 
Virginia  Creeper  (Ampelopsis  quinquefolia,  now  called  Parthenocissus  guinquefoHa), 
Climbs  by  tendrils.  The  first  vine  to  color  in  the  fall.  Foliage  beautiful  scarlet 
and  red. 
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Qimbing  Bittersweet  (Celastrus  scandens).  Climbs  by  twining.  Berries  red  and 
orange  all  winter. 

Akebia  quinata.  A  twining  vine  from  China  and  Japan,  with  delicate  foliage,  five- 
parted  like  that  of  Virginia  Creeper,  but  smooth  and  firm  and  nearly  evergreen, 
remaining  until  January.     One  of  the  most  graceful  foliage  vines  on  the  market. 

Crimson  Glory  Vme  ( Vttis  coignetus).  From  Japan.  A  large,  vigorous  grapevine, 
with  immense,  leathery  leaves  which  are  usually  brown  felty  beneath.  The  foliage 
is  especially  strong  and  bold,  turning  scarlet  and  crimson  in  the  fall.  The  handsomest 
of  all  grapevines. 

AcUnidia  arguta.  From  China.  Climbs  by  twining;  vigorous  in  growth.  Foliage 
dark  and  glossy.     The  best  vine  for  covering  an  arbor. 

Japanese  Honeysuckle  {Lonicera  japonica).  Climbs  by  twining.  Flowers  small, 
white  to  yellow,  very  abundant  and  fragrant  in  June  and  Ji2y.  Foliage  semi- 
evergreen,  remaining  until  January.  A  handsome  porch  plant,  but  also  very  useful 
for  covering  banks.    Hall's  Honeysuckle  is  a  fall-blooming  variety. 

Dutchman's  Pipe  (A  ristolochia  macrophyUa  [=  A .  sipho],  A  vigorous  twiner,  climbing 
high.  Stems  often  from  one  to  two  inches  thick.  Leaves  large,  broad  oval, 
casting  very  dense  shade.     Should  not  be  used  unless  heavy  shade  is  desired. 

Matrimony  Vine  (Lycium  halimifoliuin[=L.  tndgare]).  Has  grayish  green,  semi- 
evergreen  foliage,  and  soft,  bright,  red  berries  in  late  summer.  A  rank-growing 
shrub,  with  recurving  branches,  well  adapted  to  covering  banks.  The  Chinese 
Matrimony  Vine  (L.  chinense)  is  similar,  but  is  better  because  it  is  larger  in  every 
part,  with  foliage  light  green,  not  gray-green  like  that  of  L.  halimifoUum,  (See 
Rapid-growing  vines  for  Quick  Effects,  page  851.) 

Common  Greenbrier  {Smilax  rotundifolia).  A  vigorous  wild  vine,  with  fine,  glossy 
foliage  enduring  both  shade  and  wet  soil. 

Flowering  Vines 

Clematis  jackmanii.  Climbs  by  twisting  leaf  stems.  Flowers  large  and  purple. 
C.  jackmanii  var.  alba  is  similar,  but  the  flowers  are  creamy  white.  Both  of  these 
are  good  vines  for  bloom  in  July  and  August. 

Japanese  Clematis  {Clematis  paniculata).  Climbs  as  does  the  preceding  species. 
Flowers  small  and  white,  covering  pldnt  with  a  mass  of  bloom  m  September  and 
October.  Foliage  remains  glossy  green,  good  until  December.  Tne  best  fall- 
blooming  vine. 

Golden  Bdl  {Forsythia  suspensa).  From  China.  A  graceful,  shrub,  with  recurving 
and  trailing  branches.  Excellent  for  hanging  over  a  bank  or  down  a  wall.  Flowers 
ydlow,  appearing  before  the  leaves,  covering  the  plant  with  a  mass  of  bloom  in 

,    April.     Flower  buds  often  killed  by  cold  in  the  northern  part  of  t^e  State. 

Japanese  Honeysuckle  {Lonicera  japonica).  Bloom  profuse  and  fragrant;  flowers 
white,  fading  yellow  in  June  and  July.  Hall's  Honeysuckle  is  a  fall-blooming 
variety. 

Lonicera  heckrottii.  Climbs  by  twining.  This  is  a  hybrid  which  blooms  continuously 
during  July,  August,  and  September.  The  flowers  are  rose  outside  and  yellow 
inside,  and  as  open  and  closed  flowers  are  present  at  the  same  time  they  make  a 
very  handsome  showing.  The  only  objection  to  the  plant  is  that  it  is  badly 
infested  with  aphids,  or  green  flies. 

Rambler  Roses  (m  order  of  bloom,  Jime  and  July).  These  must  be  tied  up,  but  arc 
hardy  without  protection  except  possibly  in  the  northern  part  of  the  State. 
In  such  cold  places  one  must  be  content  with  the  upright  shrubby  Rosa  rugosa  (in 
white,  pink,  and  red  varieties,  both  single  and  double),  beginning  in  early  June; 
with  the  white  Rosa  multifiora,  beginning  from  middle  to  late  June;  and  with  the 
pink  Prairie,  or  Michigan,  Rose  {Rosa  setigera),  which  does  not  begin  until  the 
second  week  in  July.  R.  mtdtiflora  and  R.  setigera  are  both  shrubs  with  an  arching 
habit  and  have  produced  many  Rambler  Roses.  (See  i4  Selected  List  of  Seventy- 
five  Deciduous  Shrubs,  pages  631,  828.)  Of  the  varieties  following,  those  marked 
with  an  asterisk  are  the  best.  *  Tausendsch6n  (middle  Jime) ,  double,  delicate  pink, 
larger  than  Dorothy  Perkins.  Lady  Duncan,  single,  nch  salmon-pink.  *£xcelsa, 
(late  June  or  early  July),  a  long-season  rose,  double,  rich  crimson;  a  new  variety, 
blooming  at  the  same  season  as  the  old  Crimson  Rambler,  but  a  better  color. 
Dorothy  Perkins  (early  July),  double  pink.  White  Dorothy  Perkins,  a  white 
variety  of  the  preceding.     Alberic  Barbier  (middle  July),  semi-double  or  double* 


Digitized  by  VjOOQ IC 


The  Home  Grounds  851 

creamy  white,  yellow  in  center,  dark  yellow  in  bud;  excellent  glossy  foliage. 
Aviator  Bleriot  is  a  new  variety,  very  similar  to  Alberic  Barbier.  ♦Hiawauia 
(middle  July),  a  long-season  rose,  single,  bright  red  with  white  center  and  yedlow 
stamens.  *Mrs.  H.  M.  Walsh  (middle  TulyT.  double,  white;  same  long  season  and 
good  foliage  as  Rosa  wichuraiana^  the  Memorial  Rose,  of  which  it  is  practically  a 
double  form.  R,  wichuraiana,  which  is  blooming  at  this  time,  is  the  parent  of 
many  of  the  varieties  named  above,  and  is  itself  a  very  attractive  rose.  (See  Low 
Woody  Plants  for  Ground  Cover,  page  852.) 

Trumpet  Creeper  ( Tecotna  [=  Bignonic^  radicans),  A  heavy  vine.  Climbs  by  rootlike 
holdfasts,  but  needs  strong  support.  Flowers  red,  trumpet-like,  in  middle  July  and 
August.     Leaves  opposite,  compound,  large,  loose  and  feathery. 

Wistaria  (Wisteria  chtnensis).  A  strong,  twining  vine,  with  long,  hanging  clusters 
of  white  or  purple  flowers  (according  to  variet)?)  in  middle  and  late  May.  Leaves 
alternate,  compound,  large,  loose  and  feathery. 

Rapid-growing  Vines  for  Quick  Eflf acts 
Aontuds 

Morning  Glory  (Iponuea  purpurea). 

Moonflower  (IpomcBa  bona-nox). 

Wild  Cuctunber  (Micramfelis  [=  Echinocystis]  lobata).    Self -seeding. 

Japanese  Hop  (Humulus  japonicus). 

S<irlet  Runner  Bean  (Phaseolus  multiflorus), 

Madeira  Vine  (Boussingaultia  baselloides).    A  tender  perennial,  treated  as  an 
annual,  growing  from  10  to  15  feet  in  a  season.     The  roots  must  be  taken  up 
and  stored  away  from  frost.    Growth  rapid.    Foliage  thick,  green.    Flowers 
white,  fragrant,  m  long,  slender  clusters.    September  and  October. 
Herbaceoos  Perennials  (Dying  down  to  a  fleshy  root) 

Kudzu  Vine  (Pueraria   Uiunbergiana),     Known    also  commercially  as  Dolichos 
japonicus.    Grows  40  feet  in  one  season. 

Hardy,  or  Perennial,  Moonflower  (Ipomosa  pandurata).    Foliage  dense.     Flowers 
white,  with  purple  throat,  July  and  August.    Grows  from  6  to  12  feet. 

Note. — Both  these  vines  have  enormous  fleshy  roots  and  may  become  a  nui- 
sance if  allowed  to  spread. 

Perennial,  or  Everlasting,  Pea  (Lathyrus  latifolius).    A  vigorous  j;rower,  from  5  to 
8  feet  high,  with  grayi^  green  foliage  and  continuous  bloom,  either  white,  rose, 
or  dark  purple-red  according  to  variety,  from  middle  July  to  early  September. 
Leaves  sometimes  evergreen  when  protected  by  snow. 
Woody  Perennials  (Woody  stem  persisting  above  ground) 

Japanese   Honeysuckle    {Lonicera  japonica).    Blooms  in  Jtme  and  July.     Hall's 
Honeysuckle  is  a  fall-blooming  variety. 

Matrimony  Vine  (Lydum  halimtfolium  [=L.  vulgare]).    (Also  Chinese  Matrimony 
'  Vine,  L.  chinense,) 

Climbii^  Bittersweet  (Celastrus  scandens). 

Actinidia  arguta,    A  very  vigorous  vine,  from  China. 

Tall-growing  Vines  Reaching  Eaves  of  House 

Wistaria,  Climbing  Bittersweet  (Celastrus  scandens),  and  AcHnidia  arguta  are  all 
strong,  vigorous  twiners.  Dutchman's  Pipe  (Aristolochia  macrophylla  [=A.  sipho]) 
IS  another  tall-growing  twiner,  but  it  has  very  heavy  foliage  and  should  not  be 
used  unless  dense  shade  is  desired.  Trumpet  Creeper  ( Tecoma  [=  Bignonia]  radi- 
cans) is  another  excellent  strong-growing  vine,  with  foliage  much  like  that  of 
Wistaria;  it  is  a  heavy  vine  and  does  not  twine,  and  should  be  nailed  to  its  support 
by  leather  strips. 

QUICK-GROWING  WOODY  PLANTS  FOR  BANKS 

Those  marked  with  an  asterisk  are  the  best.  For  quick  surface  cover,  English, 
or  Perennial,  Rye  (Lolium  perenne)  should  be  used.  (See  under  Grasses  for  Different 
Purposes,  page  862.) 

Vines 

Climbing  Bittersweet  (Celastrus  scandens). 
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•Japanese  Honeysuckle  (Lonicera  japanica).    Or  its  fall-bloomii^^  variety,  known  as 

•Hall's  Honeysuckle. 
•Matrimony  Vine  (Lycium  haUmifoHum  [=  L,  vulgare]). 

Shrubs 
Small  (Prom  2  to  4  feet) 

•Coralberry  (Sympharicarpos  vulgaris). 

Medium  (Prom  6  to  8  feet) 

Common  Barberry  (Berberis  vulgaris), 

•Shrubby  Dogwoods  (Cornus  alba,  C,  stolonifera,  and  C,  amomum  [=  C,  sericea]), 
•Purple  Osier  {Salix  purpurea). 

Large  (Prom  10  to  15  feet) 

•Tartarian  Honeysuckle  (Lonicera  tatarica), 

Ninebark  {Opulaster  opidifolius,  also  known  as  Physocarpus  or  Spiraea). 
•Common  Black  Elderberry  (Sambucus  canadensis). 
Shrubby  Willows,  as  Goat  Wllow  (Salix  caprea),  Pussy  Willow  (5.  discolor),  and 

S,  cardata. 
♦Staghom  Sumac  (Rhus  typhina  [=R.  hiria]). 

Trees 

Tree  of  Heaven  (Ailanthus  glandulosa),  Cottonwood  (Populus  delloides),  *Common, 
or  Black,  Locust  (Robinia  pseudacacia),  •White  Willow  (Salix  alba),  Osage 
Orange  (Toxylon  pomiferon,  also  called  Maclura  aurantiaca), 

LOW  WOODY   PLANTS    FOR   GROUND    COVER 

Ground  cover  is  secured  most  quickly  by  vines,  but  some  of  the  low  shrubs  are  also 
useful.     (See  Lovo  Perennials  for  Edging  or  Ground  Cover,  page  869.) 

Vines 
Deciduous 

Running  Strawberry  Bush   (Evonymus  obovata).    Will  endure  some  shade,  does 

not  twine,  and  comes  into  leaf  early;  for  these  reasons  it  makes  good  ground  cover 

for  early-blooming  Azaleas. 
Japanese  Honeysuckle  (Lonicera  japonica),    A  vigorous  twiner,  excellent  on  sunny 

banks.    Hall  s  Honeysuckle  is  a  fall-blooming  variety. 
Matrimony  Vine  (Lycium  haHmifolium  [=L.  vulgare]).  A  vigorous,  arching,  shrubby 

vine  with  trailing  stems,  not  so  fiat  as  either  the  Japanese  or  Hall's  Hone3rsuckle. 
Memorial  Rose   (Rosa  wichuraiana).     Distinctly  low  and  trailing.    Leaves  small, 

glossy,  and  semi -evergreen.     Plowers  small,  single,  and  white,  in  clusters,  through 

July. 
Swamp  Dewberry  (Rubus  hispidus).    Poliage  evergreen,  bronzing  in  winter.     Stems 

slender  and  trailing. 
Rubus  spectabilis  var.  plena  (also  called  R.fruticosus  and  R.  linkianus).    A  handsome, 

vigorous,   semi-evergreen  blackberry   from  northern  Europe,   escaped  in   New 

England.     Erect  to  12  or  18  inches,  with  curving  and  long  trailing  stems.     Leaflets 

large,  white  woolly  below.     Plowers  white,  double  or  semi-double. 
Grape  (Vitis).     Many  vigorous  wild  forms. 
Evergreen 

Myrtle,  or  Periwinkle  (Vinca  minor),    A  flat,  trailing,  vigorous  plant,  good  in  either 

sunlight  or  shade  and  in  many  kinds  of  soil.     Very  hardy.     (See   Pachysandra 

terminalis,  in  Shrubs,  Evergreen,  bdow.) 
English  Ivy  (Hedera  helix).    Tenderer,  but  handsomer,  than  Myrtle.     Grows  best 

in  winter  shade  and  moist  soil. 
Evonymus  radicans  var.  vegeta.    Shrubbier  and  hardier  than  English  Ivy.     (See 

Vines  for  Brick  and  Stone,  page  849.) 

^    . ,  Shrubs 

Deciduous 

For  sunlight 
Roses.    Wild  forms,  as  Rosa  lucida  (4  to  6  feet)  and  R,  nitida  (2  to  3  feet). 
Rhus  canadensis  l=R.  aromatica],     A  dwarf  native  Sumac,  very  vigorous  and 
hardy.     Grows  from  2  to  3  feet  high,  with  spreading,  rooting  stems. 
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Rubus  cratiEgrifolius,    A  low,  vigorous  plant,  from  3  to  4  feet  high,  spreading 

very  rapicfly. 
Sweet  Pern  {Myrica  asplenifoUa),    Prom  2  to  3  feet  high.    Grows  in  hot  sunshine 

and  dry  soil. 

Far  partiy  shady  places 
Early  Low  Blueberry  {Vaccinium  pennsyhanicum).    Grows  from  6  to  12  inches 

high. 
Black  Huckleberry  (Gaylussacia  resinosa  [^  G.  baccata]).    Grows  from  18  inches 

to  2  feet  high. 
Yellowroot  (Xanthorhiza  apiifolia).    Another  hardy  plant  spreading  vigorously  and 

making  dense  cover.    Grows  from  18  inches  to  2  feet  high. 

Note. — ^These  three  plants  are  native  and  make  good  woodland  cover. 

Bvergreen 

For  sunlight 

Common  Juniper,  low  form  {Juniperus  communis  var.  montana),  (This  is  also 
known  commercially  as  var.  aapressa  and  var.  nana,)  Low  and  spreading, 
forming  broad  mats  i  foot  high.     Poliage  usually  browning  in  winter. 

Juniperus  sabina  vsx^prostrata  (also  called  J.  horizonkUis),  The  lowest  form  of 
this  is  known  as  Wauk^an's  Juniper  (Juniper us  horieontaUs  var.  douglasii), 
and  is  a  prostrate,  slow-growing  Jimiper,  good  on  dry,  rocky  banks.  Poliage 
steel  blue,  becoming  more  purplish  in  winter. 

Mahonia  repens.  This  is  still  comparatively  unknown  commercially.  Native 
to  the  southern  Rocky  Mountains.  T^e  lowest  and  hardiest  Mahonia,  12 
inches  high.    Poliage  bronzes  in  winter,  but  does  not  bum  even  in  full  sunlight. 

For  shade 

Native  Yew,  or  Ground  Hemlock  {Taxus  canadensis). 

Pachysandra  terminalis.  Low  and  spreading,  onlv  a  few  inches  high.  Leaves 
large,  thick,  and  wedge-shaped,  making  excellent  ground  cover.  Good  in 
either  sunlight  or  shade,  like  Vinca  minor,  but  has  more  upright  habit  and 
larger  leaves,  which  are  a  lighter,  yellower  green. 

LOW   WOODY    PLANTS   FOR   ROCK  GARDEN   OR    SMALL  EDGING 

(Arrangement  is  alphabetical  by  scientific  names.    See  also  Rock  Garden  Perennials, 

page  870} 
Deciduous 

Cotoneaster  horizontalis,      Por  edging;  semi-evergreen.     (See  A  New  Nursery  List, 

page  857,.) 
Daphne  mezereum.     Flowers  light  purple,  appearing  in  early  April  before  the  leaves. 

There  is  a  white  variety.     ^  erect  shrub  3  feet  L  '^h,  with  stout  branches,  which 

are  flexible  and  leathery  like  those  of  Leatherwood  (Dirca  palusiris). 
Hypericum  huckleii.    Porms  neat,  compact  mats.    The  earliest  of  the  Hypericums. 

Flowers  yellow,  early  July. 
Lonciera  spinosa  [=  L.   albertii\.      Has  slender  twigs  and  narrow  linear  leaves. 

Flowers  pink,  late  May.     Plant  low,  from  i  to  2  feet  high. 
Rhododendron  canadense  (Rhodora).     A  slender  shrub,  2  feet  high.     Is  good  in  a 

rock  garden  with  a  ground  cover  of  the  following  species.     Ptowers  rosy  purple, 

appearing  before  the  leaves  in  late  April  and  early  May. 
Vaccinium  pennsyhanicum  (Early  Low  Blueberry).    From  6  to  12  inches  high. 

Should  make  good  dwarf  edging.    Flowers  white  in  early  May. 
Evergreen 
Aratpstaphylos  uva-ursi  (Bearberry).    A  creeping,  vinelike  shrub  with  small  leaves, 

aminaant  in  Canada,  forming  broad  mats  over  rocky  ledges  and  slopes.  Berries  red. 
Bryanthus  (See  Phyllodoce.) 
CaUuna  vulgaris  (Scotch  Heather).    Flowers  pink,  July  and  August.     There  is  a 

white  vanety.     (See  page  848.) 
Chimaphila  umbellata  (Prince's  Pine,  or  Pipsissewa). 
Cotoneaster  adpressa  and  C.  microphylla.    Resemble  C.  horizontalis,  mentioned  above, 

but  are  more  dwarf  and  evergreen.     Both  have  a  neat  habit  and  glossy  foliage. 

May  not  be  hardy  everywhere,  but  should  be  tried  for  low,  stifif  edging.     (See 

under  A  New  Nursery  list,  page  859.) 
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Daphne  cneorum  (Garland  Flower).  Dense  and  compact.  Pink  flowers  in  May. 
Excellent  for  edging.  Prom  6  to  12  inches  high.  Twigs  flexible  and  leathery,  as 
those  of  D,  meter eum,  described  above  under  Deciduous, 

Dendrium  [=  Leiophyllum]  buxifolium  (Sand  Myrtle).  A  dense  shrub,  to  3  feet 
high.  There  is  a  low,  tufted  form,  var.  prostratum.  Flowers  white  or  blush  in 
May. 

Empetrum  nigrum  (Black  Crowberry). 

Erica  camea  (Hardy  Spring  Heath).  Pink  in  April  and  May.  From  6  to  12  inches 
high. 

GauUheria  procumbens  (Winteigreen,  or  Checkerberry.) 

Gaylussacia  brachycera  (Box  Huckleberry).    Very  dwarf  and  compact. 

Juniperus  chinensis  var.  procumbens.    An  excellent  low  Juniper.     (Page  859.) 

Juniperus  sabina  var.  tamarisdfoUa,    A  very  neat  Juniper  for  edging.    (Page  859.) 

Leiophyllum.     (See  Dendrium/^ 

Lycopddium  obscurum  (Ground  Pine).  A  native  Cub  Moss  related  to  Trailing 
Christmas  Green  (L.  ^omplanatum),  but  with  stems  erect  and  treelike,  to  12  inches 
high. 

Lysimachia  nummularia  (Moneywort,  or  Creeping  Charlie).  (See  note  imder  follow- 
ing plant.) 

MitaieUa  repens  (Partridge  Berry).  This  and  the  preceding  are  two  creeping,  vine- 
like  plants  excellent  for  the  rock  garden.  Moneywort  has  bright  yellow  flowers  in 
June,  and  Partridge  Berry  has  handsome  red  berries  all  winter. 

Pachysandra  terminalis,     (See  under  Low  Woody  Plants  for  Ground  Cover ^  page  853.) 

PhyUodoc^  [=  Brydnthus]  carulea  (Mountain  Heath).  A  low  alpine  shrub,  from  3  to 
6  inches  high.     Flowers  pinkish  purple,  July. 

PotentiUa  tridentata.  Plant  from  4  to  8  inches  high,  forming  thick  mats.  Foliage 
bronzing  in  winter.     Flowers  white,  strawberry-hke. 

Rhododenaron  [=  Azalea]  hinodegira.  A  low  ^rub,  better  than  R.  anuena;  leaves 
larger,  and  flowers  a  brilliant  red.    Late  May  and  early  June. 

WOODY  PLANTS  ENDURING  SHADE 
For  Dry  Soil 

Any  of  the  plants  in  this  dry-soil  list  will  grow  better  in  sunlight  than  in  shade, 

and  will  also  grow  better  and  more  vigorously  if  the  soil  is  moist. 
Vines 

Myrtle,  or  Periwinkle  {Vinca  minor).    An  evergreen  trailing  vine,  excellent  for 

^ound  cover  in  the  shade  but  also  good  in  sunlight. 
Climbing  Bittersweet  {Celastrus  scandens),    A  vigorous  twining  vine,  native  and 

deciduous.    Has  attractive  orange  berries  all  winter. 
Shrubs 
Small  (From  i  to  4  feet) 

Early  Low  Blueberry  ( Vaccinium  pennsyhanicum).  Grows  from  6  to  12  inches  high. 

Mountain  Currant  (Ribes  alpinum),    Grows  from  2  to  3  feet  high. 

Coralberry  (Symphoricarpos  vulgaris).    Grows  from  3  to  4  feet  nigh,  or  higher. 

Medium  (From  6  to  8  feet) 

Common  Barberry  (Berberis  vulgaris). 
Large  (From  10  to  15  feet) 

Witch-hazel  (Hamamelis  virginiana). 

Privet  (Ligustrum  vulgare  and  L.  ibola). 

Buckthorn  (RJiamnus  ccUhartica). 
Trees 
Tree  of  Heaven  (Ailan^us  glandulosa). 
Honey  Locust  (Gleditsia  triacanthos). 

For  Moist  Soil 

All  the  dry-soil  plants  in  the  preceding  list  will  grow  better  in  moist  soil  and  should 
be  considered  with  tlie  plants  in  this  list. 

Vines 
Deciduous 
Moonseed  Vine  {Menispermum  canadense). 
Common  Greenbrier  (Smikuc  rotundifolia). 
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Evergreen 
English  Ivy  (Hedera  helix).    Is  somewhat  tender  north  of  New  York  City. 
Evonymus  radicans  var.  vegeta.    Hardier  than  the  preceding.    (See  Vines  for  Brick 

and  Skme,  page  849.) 
Moneywort  {Lysimachia  nummularia),     (See  page  856.) 
Pachysandra  terminalis,     (See  page  853.) 

Shrubs 

Deciduous 
SmoU  (Prom  2  to  4  feet) 

Black  Huckleberry  {Gaylussacia  resinosa  [==G.  haccata]).    Grows  from  18  inches 
to  2  feet  high. 

Maple-leaved  Vibumimj  (Viburnum  CLcerifolium).   Grows  from  4  to  6  feet  high. 

Yellowroot  (Xanthorhiza  apiifolia).    Grows  from  18  inches  to  2  feet  high. 
Medium  (From  6  to  8  feet) 

High  Bush  Blueberry  {Vaccinium  corymbosum). 

Azaleas,  in  order  of  bloom  from  May  i  to  July  i.     (See  note  on  page  837.) 

Note. — Azaleas  will  not  thrive  unless  they  are  provided  with  plenty  of  good 
wood  soil. 
Large  (Prom  10  to  15  feet,  or  higher) 

Spicebush  {Benzoin  cestivcUe  [=  B.  odoriferum]). 

Speclded  Alder  {Alnus  incana),    (See  also  under  Trees,  below.) 

Moimtain  Maple  (Acer  spicatum), 

Redbud,  or  Judas  Tree  (Cercis  canadensis),    (See  also  under  Trees,  below.) 
Evergreen 
Small  (Prom  i  to  5  feet) 

Ground  Hemlock,  or  Native  Yew  (Taocus  canadensis). 

Oregon  Grape  (Mahonia  aquifolium).    A  blue-fruited  barberry,  with  glossy, 
compound,  evergreen  leaves. 
Large  (From  6  to  10  feet,  or  higher) 

Mountain  Laurel  (Kalmia  latifolia). 

Hardy  Rhododendrons.     (See  page  818.) 

Ttees 

SmaU 

Flowering  Dogwood  (Cornusflorida). 

Striped,  or  Goosefoot,  Maple,  or  Moosewood  (Acer  pennsylvanicum). 

Shadbush,  or  Juneberry  (Amelanchier  canadensis  and  A,  lavis). 

Speckled  Alder  (Alnus  incana). 

Hornbeams,  both  Carpinus  and  Ostrya. 

Redbud,  or  Judas  Tree  (Cercis  canadensis). 
Large 

Beech  (Fagus  ferruginea). 

Hemlock  (Tsuga  canadensis).    Evergreen. 

WOODY   PLANTS   ENDURING  DRY   SOIL  IN   SUNLIGHT 

All  the  dry -soil  plants  in  the  preceding  shade  list  will  grow  better  in  full  stmlight  and 
should  be  considered  with  me  plants  in  this  list. 

Vines 
Japanese  Honeysuckle  (Lonicera  japonica).    Excellent  for  covering  a  bank.    Hall's 

Honeysuckle  is  a  fall-blooming  variety .     (See  under  Vines  for  Foliaze,  page  850.) 
Virginia  Creeper,  Woodbine,  or  Five-leaved  Ivy  (Ampelopsis  quinquefolta,  now  called 

Parthenocissus  quinquefolia).    The  first  vine  to  color  in  the  fall. 

Shrubs 
Deciduous 

Small  (From  2  to  4  feet  ) 

New  Jersey  Tea  (Ceanothus  americanus). 

Sweet  Fern  (Myrica  aspUnifolia). 

Shrubby  St.- John's- wort  (Hypericum  prolificum). 

Fragrant  Sumac  (Rhus  canadensis  [=  R.  aromcUica]). 

Dwarf  Willow  (Salix  Irislis), 
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Medium  (Prom  6  to  8  feet) 

Panided  Dogwood  (Comus  panictdata).    Often  7  or  8  feet  high. 

Baybeny  {Myrica  carolinensis).    (See  also  M.  cerifera  in  index.) 

Prairie  Willow  {Salix  humilis). 
Large  (From  10  to  15  feet) 

Bear,  or  Scrub,  Oak  {Quercus  nana  [=<3.  iUdfolia]. 

Staghom  Sumac  {Rhus  typkina  [=  R.  hirta]).    Often  from  15  to  20  feet  high. 
Evergreen  (See  also  Evergreen  Shrubs,  page  817.) 

Juniperus  sabina,    Fr6m  4  to  6  feet  high.     Branches  spreading.     Foliage  a  good 

green  all  winter. 
Juniperus  sabina  var.  prostrata.    From  6  inches  to  3  feet  high.     Low  and  prostrate, 

with  ascending  branches.    Foliag[e  steel  blue  in  Waukegan's  variety  (page  853). 
Common  Juniper,  low  form  {Juniperus  communis  var.  montana).     The  two  pre- 
ceding species  are  better  than  this  form  of  Common  Juniper,  which  is  about  i  foot 

high,  with  foliage  usually  browning  in  winter. 

Trees 
Deciduous 

Tree  of  Heaven  {Ailanthus  glandulosa). 

Hackberry  {Celtis  occidentalis). 

Common  Locust  {Robinia  pseudacacia). 

Honey  Locust  {Gleditsia  trtacanthos). 

Scarlet  and  Red  Oak  {Quercus  coccinea  and  C  rubra).    These  will  endure  poor,  dry 

soil  better  than  any  other  Oaks. 
Evergreen 

R^  Cedar  {Juniperus  virginiana). 

Pitch  Pine  {Pinus  rigida). 

Banks'  Pine  {Pinus  banksiana  [=  P.divaricata]). 

Note. — The  White  Pine  and  the  Hemlock  are  the  noblest  of  the  northern  ever- 
greens. The  White  Pine  does  fairly  well  in  dry  soil,  although  not  so  well  as  the  Pine^ 
mentioned  above.  The  Hemlock  needs  cooler  and  more  moist  conditions,  and 
therefore  is  better  suited  for  shade. 

WOODY   PLANTS   ENDURING  WET   SOIL 

(Arrangement  is  alphabetical  by  scientific  names.      See  also  Hardy  Aquatic  Plants, 

page  878) 

Vines 

Virgin's  Bower  {Clematis  virginiana). 

Moneywort,  or  Creeping  Charlie  {Lynmachia  nummularia).  This  is  low  and 
creeping,  and  is  commonly  evergreen  like  Partridge  Berry  {MitcheUa  repens)  which 
it  much  resembles.  (See  under  Low  Woody  Plants  for  Rock  Garden  or  Small 
Edging,  page  854,  and  Rock  Garden  Perennials,  page  871.) 

Moonse«i  Vine  {Menispermum  canadense). 

Swamp  Dewberry  {Rubus  hispidus) 

Common  Greenbrier  {Smilax  rotundifolia). 

Trumpet  Creeper  {Tecoma  [^Bigtumia]  radicans). 

Shrubs 
Small  (Prom  2  to  4  feet) 
Red  and  Black  Chokebenies  {Aronia  [=  Pyrus]  arbutifolia  and  A.  nigra).     These 

will  grow  from  6  to  8  feet  high,  but  should  be  kept  low.     (See  under  Deciduous 

Shrubs  for  Foliage,  page  825.) 
Inkberry  {Ilex  glabra).     A  very  graceful  evergreen,  sometimes  reaching  8  feet. 
Sweet  Gale  {Myrica  gale). 
Wild  Black  Currant  (Ribesfloridum). 
Swamp  Gooseberry  {Ribes  lacustre) . 
Flowering  Raspberry,  or  Thimbleberry  {Rubus  odoratus). 
Meadowsweet,  or  Queen  of  the  Meadow  {Spiraa  salicifolia  [==  S.  alba]).      Grows 

from  3  to  5  feet  high. 
Steeplebush,  or  Hardback  {Spircm  tomentosa) . 
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Medium  (Prom  6  to  8  feet) 

Buttonbush  {Cephalanthus  occidentalis). 

Sweet  Pepperbush  (Clethra  alnifolia). 

Silky,  or  Purple-stemmed,  Dogwood  (Comus  amomum  [«=  C.  sericea]). 

Red  Osier  Dogwood,  or  Red-stemmed  Dogwood  (Comus  stoUmifera), 

Winterbeny  {Ilex  verticiUata). 

Mountain  Laurel  (Kaltnia  laUfolia).    The  best  broad -leaved  evergreen  shrub,  some- 
times growing  from  10  to  12  feet  high,  or  higher.     (See  page  818.) 

Blue  Honeysuckle  (Lonicera  carulea). 

Swamp  Azalea  (Rhododendron  [=  Azalea]  viscosum),     (See  list  of  Azaleas  under  note 
at  end  of  April,  page  837.) 

Swamp  Rose  (Rosa  Carolina). 

Silky  Willow  (Salix  sericea). 

Red  Elderberry  (Sambucus  racemosa). 

"Withe-rod  (Viburnum  cassinoides). 
Large  (Prom  10  to  15  feet) 

Speckled  Alder  (Alnus  incana). 

Spicebush  (Benzoin  cestioale  [=  B.  odoriferum]). 

Willows  (Salix  cor  data,  S.  discolor,  and  others). 

Black  Elderberry  (Sambucus  canadensis). 

Arrowwood  ( Viburnum  dentatum). 

Nannyberry,  or  Shcepberry  (Viburnum  lentago). 

Trees    • 

Red  Maple  (Acer  rubrum). 

River,  or  Red,  Birch  (Betula  nigra). 

Tamarack,  or  American  Larch  ILarix  americana) . 

Sour  Gum,  or  Tupelo  (Nyssa  sylvaiica). 

Sycamore  (Platanus  occidenkUis). 

Poplars  (Populus  deltoides,  P.  tremuloides,  and  others). 

Pin  Oak  (Quercus  palustris). 

Swamp  White  Oalc  (Quercus  plalanoides). 

Willows  (Salix  alba  var.  viteUina  and  S.  nigra) . 

American  Elm  (  Ulmus  americana). 

A   NEW   NURSERY   LIST 

(Woody  plants,  old  and  new,  which  are  not  commonly  found  in  nurseries  but  which 
should  be  propagated  and  widely  used.  Arrangement  is  alphabetical  by  scientific 
names) 

Deciduous 

Acer  saccharum  var.  manumentale.     A  substitute  for  Lombardy  Poplar. 

jEsculus  carnea  var.  briotii.    The  best  red  Buckeye. 

Msculus  parviflora  [=  Pavia  macrostachya], 

Aronia  [=  Pyrus]  arbutijolia. 

Azaleas.    (See  Rhododendrons.) 

Betula  nigra. 

Buddleia  variabilis  [=  B.  davidii]  var.  magnifica. 

Comus  florida  var.  rubra. 

Cotoneaster  franchettii.     Similar  to,  but  better  than,  C.  simonsii. 

Cotoneaster  horizontalis.  Low  and  spreading,  in  dense  mats  from  2  to  3  feet  high,  or 
growing  taller  if  trained  against  a  wall.  Leaves  small,  dark  green,  semi-evergreen. 
(See  Evergreen  list  for  C.  adpressa  and  C.  microphyUa,  which  are  practically  ever- 
green.) 

Cratagus  cor  data  [=  C.  phcmopyrum]. 

Evonymus  obovata. 

Hamamelis  japonica  var.  arborea. 

Hydrangea  quercifolia.    A  low  shrub  native  in  the  South,  with  fine,  strong  foliage. 

Hypericum  prolificum. 

Ilex  decidua.     Has  dark,  glossy  foliage. 

Ligustrum  vulgare. 
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Lonicera  heUa. 

Lanicera  fragrantissima, 

Lonicera  heckroUii.  .  ^  ^ 

Lonicera  maackU,    A  vigorous,  upright  shrub,  ^wine  to  a  height  of  10  feet,  with 

handsome  dark  green  leaves  abruptlv  drawn  into  a  101^  point.    Flowers  and  fruits 

appear  much  later  than  on  other  Bush  Honeysuckles. 
Lonicera  morrowii,    A  broad,  spreading  shrub,  7  feet  high. 
Magnolia  conspictta  [=  M.  yulan]. 
Magnolia  glauca. 
Magnolia  stellata. 

Myrica  carolinensis.     (See  also  M,  cerifera  in  index.) 
Nyssa  sylvaHca. 
Oxydendrum  arboreum. 
Philadelphus  lemoinei. 

Platanus  orienUilis,    An  excellent  street  tree. 
Prunus  sargentii. 
Quercus  nana  l=Q.  Uicifolia]  (Bear,  or  Scrub,  Oak).    A  shrubby  Oak  growii^  naturally 

in  thickets  on  dry  rocky  soil.     Leaves  small,  holly-like,  green  above  and  white  hairy 

below 
Rhododendrons.     (See  note  on  Azaleas  under  April,  page  837.) 
Rhus  canadensis  [=  R.  aromalica]. 

Rosa  lucida.    The  best  of  our  native  Roses.     Pink  or  white  in  variety. 
Rosa  mulHflora  var.  calhayensis.     A  Chinese  rose,  hardy  and  vigorous,  ^th  habit  like 

that  of  R,  multiflora  but  bearing  plusters  of  large,  pinkish  flowers  with  handsome 

yellow  stamens.     The  original  wild  type  giving  rise  to  Seven  Sisters  and  Crimson 

Rambler. 
Rosa  setigera  (Prairie  Rose).     A  vigorous  native  pink  climbing  Rose,  6  feet  high,  with 

recurving  and  trailing  stems. 
Rosa  spinosissima  var.  altaica.    The  Siberian  form  of  the  Scotch  Rose.    White,  with 

conspicuous  yellow  stamens. 
Salix  babylonica  var.  ramuUs  aureis.    A  hardy,  ydlow-twigged  Weeping  Willow. 
Salix  petUandra  [=5.  laurifolia]  (Laurel-leaved  Willow). 
SaMx  tristis. 
Smilax  glauca. 
SmUax  rotundifolia. 

Spircea  arguta,    A  substitute  for  the  tenderer  S.  thunbergU, 
Spiraa  bracteata. 

Syringa  chinensis  [=  S.  rothomaMnsis]  (Rouen  Lilac). 
TiHa  peiiolaris  (Weeping  Silver  Linden). 
Vaccinium  corymbosum  (High  Bush  Blueberry). 
Vaccinium  pennsylvanicum  (Early  Low  Blueberry),    i  foot  high. 
Viburnum  acerifolium. 

Viburnum  carlesii.     A  new  plant  from  Korea. 
Viburnum  prunifoUum. 
Vitis  coignetia  (Crimson  Glory  Vine). 

£v0rgre6]i 

Abies  brackyphyUa  [=A.  homolepis].     From  Japan. 

Arctostaphylos  uva-ursi  (Bearberry). 

A  rundinaria  japonica. 

Baccharis  halimifolia. 

Berberis  sargenttana.    A  shrub  from  western  China,  growing  to  3  feet  high.    The 

handsomest  evergreen  Barberry.   Leaves  simple,  not  compotmd  as  those  of  Mahonia, 

thick  and  firm,  dark  green  above,  lighter  below. 
Berberis  verruculosa.    From  western  China.     Dwarf  shrublike  above,  leaves  strongly 

spiny-toothed,  dark  glossy  green  above  and  white  below. 
Buxus  japonica. 

CaUuna  vulgaris  (Scotch  Heather). 
ChanuBcyparis  nootkalensis  [=  C.  nutchaensis]  (Yellow  Cedar,  or  Nootka  Cypress  of  the 

West).    Has  handsome  foliage,  and  is  hardy  but  as  yet  little  cultivated  in  the  East. 
ChanuBcyparis  obtusa. 
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ChanuBcyparis  fdsifera.  This  and  the  preceding  are  Japanese  Cypresses,  often  called 
Retinosporas.  They  are  both  handsomer  than  the  three  cx>mmon  pisifera  varieties 
known  commercially  as  Retinospora  plumosa,  R.  fiUfera,  and  R,  squarrosa 

CoUmeaster  adpressa  and  C  microphyUa,  Both  of  these  are  dwarf  and  dense,  growing 
only  a  few  inches  high,  and  are  excellent  for  edging  or  rock  garden.  C  adpressa 
has  the  latyer  leaves,  which  are  crimped,  or  wavy.  (S^  Deciduous  list  for  C.  horuon- 
talis,  wWch  is  only  semi-evergreen.) 

Daphne  cneorum. 

Dendrium  [=  LeiophyUum]  huxifolium  (Sand  Myrtle). 

Erica  camea,    A  hardy  spring-blooming  Heath. 

Evonymus  radicans  var.  vegeta,  A  broad,  rotmd-leaved  variety,  and  a  hardier  sub- 
stitute for  English  Ivy. 

Gaylussacia  brackycera  (Box  Huckleberry). 

Hypericum  calydnum  (Aaron's  Beard).  Leaves  oblong,  from  i  to  2  inches  long,  dark 
green  above,  blue-gray  below.  Plant  low,  i  foot  high  or  less,  spreading  in  dense 
masses.  Good  for  ground  cover,  but  may  be  tender  in  the  northern  parts  of.  the 
State. 

Hex  crenata  var.  microphylla.  An  excellent,  tall,  hedge  plant.  This  small-leaved  form 
has  passed  through  the  severe  winters  of  l^e  last  five  years  in  the  Arnold  Arboretum 
at  Boston  without  injury. 

Ilex  glabra, 

Juniperus  ckinensis.  This  resembles  the  native  Red  Cedar,  but  is  better  because  the 
fohage  does  not  brown  in  winter.  Also  the  leaves  are  more  sp'reading  and  their 
blui^  gray  upper  surfaces  are  more  noticeable,  which  gives  the  spray  a  fuller  and 
lighter-colored  appearance. 

Juniperus  chinensis  var.  pfitzeriana,  A  shrub,  with  wide,  up-flaring  branches  to  10  feet; 
branches  nodding,  making  a  large,  loose,  handsome  spray.  A  new  and  very  striking 
type,  but  liable  to  injury  from  splitting  of  the  branches. 

Juniperus  chinensis  var.  procumbens.  Plant  low  and  prostrate,  rarelv  2  feet  high. 
Spray  dense,  compact,  remaining  green  all  winter.    An  excellent  low  Juniper. 

Juniperus  sabina,  A  handsome,  spreading  shrub,  with  ascending  branches  from  4  to 
10  feet.     Foliage  dark  green  all  winter. 

Juniperus  sabina  var.  prostrata  [=  /.  horizontalis].  Plant  lower  than  the  preceding, 
usually  with  long,  trailing  branches  and  numerous  short  ascending  branchlets,  some- 
times shrubby  to  4  feet  with  spreading  branches.  Foliage  steel  blue,  turning  grayish 
purple  in  winter.  Waukegan's  Jtmiper  (J.  horizontalis  var.  douglasii)  is  a  mstinctly 
low,  trailing  form  of  /.  sahina  var.  prostrata. 

Juniperus  sMna  var.  tamariscifolia.  This  has  foliage  somewhat  like  that  of  7.  chi- 
nensis var.  pfitzeriana,  described  above,  but  is  not  so  loose  and  spreading.  The  plant 
is  lower  and  more  compact,  from  2  to  3  feet  high,  with  short  horizontal  branches  and 
upcurving  branchlets,  making  a  neater  and  finer  effect.    An  excellent  variety. 

Juniperus  virginiana  var.  glauca.    This  is  the  best  blue-gray  tree  juniper  type. 

Leucothoe  catesbm, 

Mahonia  repens, 

Pachysandra  terminaHs. 

Picea  omorika,^    A  new  plant  from  the  Balkans. 

Pinus  banksiana  [=»  P.  divaricata], 

Pinus  cfmbrd, 

Pinus  densiflora,  and  var.  pumila  (Japanese  Red  Pine) 

Pinus  ponderosa  (Western  Yellow  Pine). 

Pinus  resinosa. 

Pinus  thunbergU  (Japanese  Black  Pine). 

Pseudotsuga  taxifolia  [=  P.  douglasii\.  Only  the  Rocky  Mountain  form  of  this  should 
be  bought. 

Rhododendron  arbutifoHum  [=  R.  wilsoniH. 

Rhododendron  carolinianum  [=  R,  punctatum  in  part].    (See  index.) 

Rhododendron  [= Azalea]  hinodegira.     Small,  with  bright  red  flowers. 

Rhododendron  myrtifolium. 

Note. — ^These  four  Rhododendrons  are  excellent  low  forms,  with  small  foliage, 
good  for  borders  or  low  plantings. 
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Rubus  spectahUis  var.  plena.  A  handsome  semi-evergreen  blackberry,  erect  to  from 
12  to  18  inches,  with  curving  and  long  trailing  stems.  'Leaflets  large,  about  i  i  inches 
long  or  longer,  and  white  woolly  below. 

Note. — ^This  is  included  by  some  botanists  under  Rubus  fruUcosus,  but  it  should 
be  called  Rubus  linkianus  »Bringe,  which  is  a  cultivated  form,  with  double  or  semi- 
double  flowers,  common  in  northern  and  middle  Europe  and  escaped  in  New 
England. 

Taxus  baccata  var.  repandens.  The  hardiest  form  of  English  Yew,  low  and  recurving, 
from  I J  to  2  feet  high. 

Taxus  cuspidakL  (Japanese  Yew).    The  best  of  the  Yews. 

TAinw  gigantea  (Giant  Arbor  Vitae,  or  Red  Cedar  of  the  West).  The  best  of  all  Arbor 
Vftaes.  Foliage  very  flat,  and  composed  of  slender,  very  rqjularly  arranged,  feather-like 
branchlets,  dark  ^ossy  green  above,  whitish  below.  Plant  hardy,  but  as  yet  little 
cultivated  in  the  East.  Only  Rocky  Mountain  seed,  not  that  of  the  (Coastal  Plain, 
^ould  be  bought. 

Thuya  japonica,  A  tree  similar  to  the  preceding,  but  smaller,  the  spray  not  so  flat,  and 
the  branchlets  thicker  and  irregularly  arranged. 

Tsuga  canadensis. 

Tsuga  caroliniana.  Smaller,  but  even  more  graceful,  than  the  preceding,  with  larger 
and  more  spreading  leaves,  making  a  looser,  more  feathery  spray. 

Viburnum  rhytidophyllum,    A  large,  rare,  evergreen  Vibumiun,  with  striking  foliage. 
Plant  probably  .hardy,  although  the  foliage  was  scorched  a  little  at  Highland  Park, 
Rochester,  during  the  severe  winter  of  1913-1914.    Leaves  narrow  oblong,  from 
3  to  7  inches  long,  deeply  wrinkled  and  dark  lustrous  green  above,  densely  ydlowish  . 
below.    Berries  red. 

THE   LAWN 

Prei»arati(m  of  the  Lawn 

The  following  directions  are  offered  for  the  proper  preparation  of  the  lawn: 

1.  Underdrain  on  heavy  soils  and  wherever  the  soil  is  low  and  wet. 

2.  Do  not  strip  the  topsoil  unless  this  is  necessary  in  order  to  make  changes  in  grade 
or  to  provide  for  excavations,  or  for  other  purposes,  in  which  case  the  topsoil  should 
be  piled  at  one  side  and  later  returned  after  the  subsoil  has  been  properly  graded, 
manured,  and  plowed  according  to  directions  given  in  the  paragraph  foUowing. 
Hie  existing  relation  between  surface  and  subsoil  should  be  disturbed  as  little  as 
possible. 

3.  Make  a  heavy  application  (30  tons  per  acre)  of  stable  manure,  well  rotted 
if  possible,  in  August,  before  the  fall  rains  begin,  and  plow  under  deeply,  subsoiling 
if  the  soil  is  stiff  and  hard  below.  If  it  is  necessary  to  seed  to  permanent  lawn  at 
once,  only  15  tons  of  manure  should  be  used  and  it  should  be  well  rotted.  This  is  be- 
cause no  second  cross-plowing  in  spring,  as  advised  in  paragraph  6,  will  be  possible. 
Such  a  heavy  application  of  manure  as  30  tons  per  acre  would  not  become  well  incor- 
porated with  the  soil  by  one  plowing,  and  would  be  likely  to  make  the  soil  too  dry  and 
loose  to  insure  a  good  lawn  if  the  seeding  were  done  at  once.  At  this  point  attention 
should  be  given  to  the  matter  of  trenches  or  any  deep  fills  in  the  lawn.  If  permanent 
seeding  is  to  be  done  at  once,  the  grade  over  such  places  should  be  left  high  to  allow 
for  settling. 

4.  Apply  lime  at  the  rate  of  at  least  one  and  one-half  tons  per  acre  of  hydrated  lime 
or  three  tons  per  acre  of  ground  limestone  which  has  passed  through  a  screen  of  20 
meshes  to  the  inch  or,  better,  50  meshes.  The  limestone  is  slower  to  act  than  the 
hydrated  lime,  and  a  greater  quantity  is  required;  but  it  is  usually  cheaper,  and  is 
much  more  convem'ent  to  handle.  For  correcting  a  soil  deficient  in  hme,  2000  pounds 
of  ground  limestone  is  equivalent  to  1480  poimds  of  hydrated  lime  or  11 20  pounds  of 
quicklime  or  stone  lime,  asstiming  that  all  the  materials  are  chemically  pure.  Under 
ordinary  commercial  conditions  of  impurity  the  equivalent  would  be  2000  pounds  of 
ground  limestone,  1400  pounds  of  hydrated  lime,  or  1500  pounds  of  stone  lime.  After 
the  lime  is  broadcasted  and  harrowed  in,  seed  down  to  rye  (i  J  bushels  per  acre)  and 
hairy  vetdi  (20  pounds  per  acre)  for  winter  cover  crop. 

5.  Liming  not  only  corrects  a  soil  deficient  in  lime,  but  also  loosens  a  heavy  day  soil, 
thus  improving  its  physical  condition.    Liming  is  good  treatment  for  almost  any  soil. 
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but  is  especially  good  for  lawn  soils  because  blue  grass,  the  standard  grass  in  all 
lawn  mixtures,  ne^s  lime  in  the  soil.  Redtop  and  Rhode  Island  bent  will  grow  on 
soil  deficient  in  lune,  but  blue  grass  will  not. 

6.  Ttmi  under  the  rye  and  the  vetch  in  spring  by  cross-plowing,  about  May  5  to  15 
or  as  soon  as  the  soil  is  dry  enough  to  work.  Broadcast  and  harrow  in  thoroughly, 
at  the  rate  of  800  pounds  per  acre,  a  3:9:4  commercial  fertilizer —  that  is,  one  analyz- 
ing 3  per  cent  nitrogen,  9  per  cent  phosphorus,  and  4  per  cent  potash.  To  prepare 
such  a  fertilizer,  use  the  following  formula:  200  pounds  of  cottonseed  meal,  100  pounds 
of  bone  meal  (or  500  pounds  of  raw  rock  phosphate) ,  100  pounds  of  nitrate  of  soda,  50 
potmds  of  kainit,  50  pounds  of  muriate  of  potash,  and  300  poinds  of  acid  phosphate. 
(It  will  be  noted  that  both  quick-actiM  and  slow-acting  chemicals  are  combined  m  this 
fertilizer.)  Seed  down  to  a  cover  crop  for  green  manure,  such  as  Canada  peas,  using  two 
bushds  to  an  acre. 

7.  Plow  under  the  cover  crop  early  in  July  while  it  is  still  in  bloom,  and  cultivate 
lightly  for  six  weeks  in  order  to  kill  weeds  and  to  preserve  the  surface  mulch.  This 
a&>  nves  time  for  the  soil  to  settle  after  the  cover  crop  is  tiuiied  under. 

8.  Late  in  August  rake  the  lawn  thoroughly  in  order  to  establish  a  perfect  seed 
bed  and  surface  grade.  If  the  seed  is  broadcasted  by  hand  and  not  spread  by  a  lawn 
seedier,  the  lawn  should  be  seeded  both  ways  so  as  to  insure  a  tmiform  seeding.  Rake  in 
the  seed  lightly,  and  roll.  Top-dress  with  about  one-half  inch  of  sheep  manure  or  old 
well-rotted  stable  manure  which  has  been  well  forked  and  put  through  a  fine  screen. 
This  will  keep  the  soil  from  becoming  dry  and  hard  on  top,  and  will  greatly  facilitate 
watering  when  this  is  necessary  to  start  germination  in  dry  weather.  Late  simimer 
seeding  is  usually  better  than  spring  seemng  because  weeds  do  not  start  as  readily 
at  this  time  as  do  lawn  grasses,  whidi  get  a  good  start  and  become  well  established 
by  spring. 

9.  For  a  general  seed  mixture,  combine  three  parts  of  blue  grass,  one  part  of  redtop, 
and  one  part  of  Rhode  Island  bent,  or  omit  the  redtop  and  substitute  two  parts  of 
Rhode  Island  bent.  Use  only  the  best  grades.  From  75  to  100  pounds  an  acre  (from 
5  to  6  bushels)  is  a  heavy  seeding,  but  is  not  too  much.  This  is  at  the  rate  of  one  quart 
to  one  square  rod,  or  about  300  square  feet.  In  such  a  mixture  the  redtop  and  the 
Rhode  Island  bent  will  show  in  the  lawn  first,  and  later  the  blue  grass  will  gradually 
take  possession.  In  spring  white  clover  may  be  added,  from  four  to  eight  quarts  to  an 
acre.  In  most  cases  the  use  of  a  little  white  clover  on  the  lawn  is  merely  a  matter  of 
preference;  but  on  grass  walks,  tennis  courts,  bowling  greens,  golf  links,  and  the  like, 
white  clover  is  entirely  too  soft  to  stand  the  wear. 

I  o.  Roll  lightly  with  a  hand  roller  after  the  seed  is  well  started.  This  firms  the  soil  about 
the  grass  roots  and  is  supposed  to  make  the  grass  stool  (spread  out)  more.  Usually  fall 
seeding  does  not  need  watering,  but  if  necessary  soak  the  lawn  thoroughly,  using  a  spray 
light  enough  not  to  wash  out  the  seed.  Do  the  work  late  in  the  day  and  do  it  slowly  and 
thoroughly,  sprinkling  each  part  over  and  over  ^ain  until  the  soil  is  wet  to  a  depth 
of  from  8  to  10  inches.  One  such  good  soaking  is  worth  a  dozen  sprinklings.  (Old 
lawns  that  are  sloping  are  best  watered  by  punching  holes  in  the  sod  with  an  iron  bar 
and  letting  the  water  run  in  slowly  until  the  soil  is  soaked.) 

11.  Cut  the  grass  as  soon  as  it  is  high  enough,  and  continue  to  cut  at  frequent 
intervals,  with  the  blade  of  the  lawn  mower  set  high.  Leave  the  clippings  on  the  lawn. 
Mulch  lightly  over  winter  with  well-rotted  manure,  and  early  in  spring  firm  the  soil 
with  a  roller  before  regular  cutting  begins. 

12.  For  top-dressing  in  spring  or  fall,  just  as  growth  is  beginning,  use  not  more  than 
200  potmds  each  of  nitrate  of  soda  and  acid  phosphate,  and  50  potmds  of  kainit,  to  an 
acre.  This  is  at  the  rate  of  one  pound  of  each  to  one  square  rod  or  about  300  square 
feet.  In  sandy  or  light  soil,  use  only  one-half  this  amount  and  put  it  on  in  two  apoli- 
cations  instead  of  in  one.  Break  up  all  lumps,  mix  with,  equal  parts  of  sand  or  fine 
loam,  and  broadcast  evenly.  Spread  just  before  a  shower,  or  wash  in  with  the  hose.  Do 
not  allow  the  fertilizer  to  stand  mixed,  for  the  nitrate  will  collect  moisture  and  harden 
the  whole  mixture.  She^  manure  is  excellent  for  top-dressing,  but  at  present  it  is 
more  expensive  than  the  diemicals  and  it  is  liable  to  adulteration. 

Grasses  for  Different  Purposes 
Standard  Varieties 

Blue  Grass  (Poa  pratensis).    Grows  slowly,  but  comprises  the  bulk  of  every  mix- 
ture except  on  soils  deficient  in  lime,  as  ^ong  the  Atl^itic  coast 
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Redtop  {AgrosHs  aiba  [=  i4.  vulgaris]).  Grows  rapidly  and  is  good  on  soil  deficient 
in  lime.  In  ordinary  soils,  when  Blue  Grass  and  Redtop  are  used  togetJier  the 
Redtop  will  show  in  the  lawn  first  and  later  the  Blue  Grass  will  gradually  take 


Low  and  Creeping  (For  putting  greens  and  other  sandy  soils) 
Rhode  Island  Bent  {Agrostis  alba  var.  vulgaris  [=var.  canina\). 
Creeping  Bent  (Agrostis  alba  var.  maritima  [=svar.  sUdonifera]). 
For  Holding  Shifting  Sand 

Beach  Grass  (AmmophUa  arenaria). 
Quick-growing  Grass 
For  level  areas 

Italian  Rye  {Lolium  muUiflarum  [=  L,  italicum]).    This  is  often  used  in  general 

mixtures,  to  give  a  quick  showing  of  green.     In  the  North  it  usually  dies  out 

after  the  first  winter,  and  for  this  reason  is  better  than  English,  or  Perennial, 

Rye  (Lolium  perenne),  whidi  often  lasts  for  three  or  four  years  in  this  country. 

For  banks 

White  Clover  (Trifolium  repens).  This  is  too  soft  for  heavy  wear.   (See  page  86i .) 

It  thrives  best  in  heavy  soil. 
Creeping  Bent   (Agrostis  alba  var.    maritima  [=  var.    stohnifera]).     Good  in 

gravelly  soil. 
Crested  Dog's-tail  (Cynosurus  cristalus).    Good  in  shade. 
For  Light  and  Dry  Soil 

Creeping  Bent  (Agrostis  alba  var.  maritima  [=var.  stohnifera]). 

Red  Fescue  (Festuca  rubra).    This  is  better  and  more  stoloniferous  than  the  species 

following. 
Sheep  Fescue  (Festuca  ovina). 
For  Shady  Places 

Various-leaved  Fescue  (Festuca  heterophylla). 
Wood  Meadow  Grass  (Poa  nemoralis). 
Crested  Dog's-tail  (Cynosurus  cristalus). 

Note. — In  very  shady  places  where  a  permanent  turf  is  hard  to  establish,  an  annual 
sowing  of  Italian  Rye  has  proved  satisfactory.  Under  lawn  conditions,  when  the  grass 
is  kept  mowed,  the  Italian  Rye  will  last  over  the  first  winter. 

Enemies  to  Lawns 

Weeds. —  Many  patent  remedies  have  been  tried  against  weeds,  but  the  only  satis> 
factory  proc^ure  is  to  dig  them  out,  fill  the  holes  with  good  soil,  and  reseed. 

Angleworms. —  For  destruction  of  angleworms  a  stock  solution  is  prepared  in  the 
following  manner:  One  pound  of  s^t  is  dissolved  in  two  gallons  of  boiling  water, 
one  pound  of  corrosive  sublimate  is  added,  and  the  whole  is  diluted  with  four  gallons 
of  water.  One  pint  of  this  stock  solution  in  sixteen  gallons  of  water  is  spray^  over 
the  lawn. 

Army  Worms. — ^While  the  army  worms  are  stiU  small  and  are  feeding  actively,  the  lawn 
should  be  sprayed  until  it  is  white  with  arsenate  of  lead,  three  pounds  to  raty  gallons 
of  water. 

•White  Grubs. —  On  large  areas  much  infested  with  white  grubs,  the  lawn  should  be 
rolled  with  a  ten-ton  roller  when  it  is  dry  and  before  the  beetles  emerge  in  August, 
At  this  time  Qate  July  and  early  August)  the  grubs  are  among  the  grass  roots  near  the 
surface,  preparing  to  pupate  and  to  emerge  as  adult  beetles,  and  tney  will  be  crushed 
by  the  roller.  • 

BULBS,  ANNUALS,  AND  HERBACEOUS  PERENNIALS 

(Further  information  on  the  plants  in  this  section  may  be  obtained  from  the  Department 
of  Floriculture,  Cornell  University) 

In  the  following  tables,  the  blooming  periods  are  inclusive;  that  is,  July-September 
means  blooming  continuously  through  July,  August,  and  September. 
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Bulbs 

Classification  into  two  groups  is  made  for  convenience.  The  prevailing  color  of  the 
blooms,  the  season  of  flowering,  and  the  height,  are  given  for  each  variety.  Group  I 
includes  species  most  suitable  for  formal  beds.  Group  II  includes  species  for  natural 
plantings.  The  varieties  marked  with  an  asterisk  are  especially  desirable,  and  those 
marked  with  two  asterisks  are  also  good  for  naturalization  in  the  grass. 


Color 

Season 

Height 

Group  I 

HyacifUhus  orientalis  (Dutch  Hyacinth). 

Various 

April-May. . 

12  inches 

Gertrude,  bright  pink;  La  Grandesse, 

pure     white;     L*  Innocence,     pure 

white;  Czar  Peter,  porcelain  blue; 

Grand  Maitre,  sky  blue;  King  of 

Blues,     dark    blue;    Grandeur    k 

Merveille,    blush    white;    City    of 

Haarlem,     deep     yellow;     Robert 

Steiger,  deep  crimson. 

*  Narcissus  incotnparabilis 

Yellow 

April-May.. 

15  inches 

Sir  Walter  Scott,  Queen  Bess,  Prin- 
cess Mary,  Sir  Watkin. 

*Narcissus  leedsit 

Yellow 

April-May. . 

15  inches 

Dutchess  of  Westminster  variety. 

^Narcissus     pseudo-narcissus    (Common 
Daffodil). 

YeUow 

April-May. . 

15  inches 

Emperor,   Empress,    Golden  Spur, 
Horsfieldii,  and  Trumpet  (maxi- 

mus),  are  among  the  best  of  the 

varieties. 
♦Tulips: 

Early  varieties: 

Various 

Late  April- 
late  May 

12  inches 

Cottage  Maid,  rose  pink  and  white; 

Flamingo,  bright  rosy  red;  Keizer 

Kroon,  red   and   yellow;  Potte- 

bakker,  white,  yellow,  and  scarlet 

varieties;    Proserpine,     carmine- 

rose;  White  Swan,  pure  white. 

Late  varieties: 

Various 

Middle  May- 

12  to  15 
incmes 

Darwin,  Gesneriana,  Parrot  Picotee. 

early  June 

Groof  n 

Blue,  with  white 

March- 

6  inches 

center 

April 

*Colchicutn    autumnale    (Autumn-flower- 

Various  

August- 

6  inches 

ing  Crocus). 

ScJ)tember 

♦♦Crocus 

White,  lilac,  pur- 

March- 

6  inches 

ple,  yellow. 

April 

and  mixed 

**Erantkis  hyemalis  (Winter  Aconite) 

Yellow 

March- 

6  inches 

April 

Fritillaria: 

F,  imperiaHs  (Crown  Imperial) 

**F.  mueagris  (Guinea-hen  Flower) 

Red 

May 

March- 

3  to  4  feet 
12  inches 

Yellow,  variously 
checkered  with 

April 

green,     white. 

and  purple 

**F.  tneleagris  var.  alba» 

White 

March- 

12  inches 

April 

m  ^     A  Jfcl ^»* m%^9 
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Bulbs  (concluded) 


Color 


Season 


Height 


Group  n  (conUnued) 

**GaIafUhus  nivalis  (Snowdrop) 

**Lilium  (Lilies).  (SeeTVarrow  Upright  Per 
ennials,  page  869.) 
Muscari    (Grape  and  Feathered  Hya- 
cinths) : 

**Jlf.  hotryaides 

**Jlf.  botryoides  var.  aiba 

M.  plumosum  var.  monstrosum 

**  Narcissus  poeHcus  (Poet's  Narcissus) . . , 


Sdlla  (Squills): 

••5.  campanidata  [=  S.  hispanica] 

**S,  campanukUa  var.  alba 

S.  campanulata  var.  camea 

**S.  nutans  (Bluebells) 

**S,sibirica 

5.  sibirica  var.  alba 


White. 


Blue 

White 

Mauve 

White,   with 

deeply  colored 

eye 

Blue 

White 

Rose 

Blue 

Blue 

White 


March- 
April 


April-May. 
April-May. 
April-May. 
April-May. 


May-June. 


6  inches 


6  inches 

6  inches 

12  inches 

12  inches 


12  inches 
12  inches 
12  inches 
12  inches 
4  to6 

inches 
4to6 

inches 


Annuals 

Annuals  that  are  best  adapted  to  make  a  continuous  display  are  given  in  the  list 
below.  Species  marked  with  an  asterisk  are  recommended  tor  cut  flowers.  The 
following  classification  is  made  relative  to  hardiness:  Class  A,  hardy  annuals; 
Class  By  half-hardy  annuals;  Class  C,  tender  annuals. 


Height 


Class  A.    Hardy  Annuals    (To  be  sown  in 
May  or  earlier) 
Ageratum  (Floss  Flower) . . 

*Alyssum  maritimum 

•Antirrhinum  (Snapdragon) 
Cacaliaaureal=  Emilia  flammea]  (Tassc! 

Flower) 
*Centaurea  cyanus  (Bachelor's  Button)  . . 

Clarkia  pulchella 

Convolvulus  minor 


*  Coreopsis  [=  Calliopsis]  coronata 

*  Coreopsis  [=  CaUiopsis]  drummondii  . 
Delphinium  (Larkspur) 

♦Dia^thus  (Pink) 

EschschoUfsia      californica      (California 
Poppy). 

Gaillardia  (Blanket  Flower) 

GiUa  tricolor 

^Gypsophila  elegans  (Annual   Baby 

Breath) 
Eelianthus  annuus  (Sunflower) 


Blue 

White 

Various 

Deep  orange 

Various 

Bright  carmine 

Blue 

Orange 

Ydlow  and  red 

Various ....". 

Various-. 

YeUow 

Various 

Lilac,  white,  and  purple 
White 

Yellow 


9  inches 
9  inches 
9  to  24  inches 

1  foot 

2  to  3  feet 
18  inches 

I  foot 

1  foot 

2  feet 

18  inches 
I  foot 
9  inches 

18  inches 
I  foot 
18  inches 

4  to  6  feet 
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Olor 

Height 

Class  A.   Hardy  Annuals  (continued) 
Iberis  umbellata  (Candvtiift) 

White,  purple,  lavender. . 
Various 

I  foot 

Ipomaea  purpurea  (Morning-glory) 

A  climber,  making  a  rapid  growth. 
^Lathyrus  odorcUus  (Sweet  tea) 

10  feet 

Various 

5  feet 
18  inches 

Linum  coccineum    [=  L.    grandiflorum] 

Scarlet 

(Flowering  Flax). 
Lu-binus  nanus 

Shaded  blue  and  white. . . 
Various 

I  foot 

Mtrabilis  jalapa  (Four-o'clock) 

18  inches 

NemophUa  insignis 

Blue 

9  inches 
I.  foot 

NigeUa  damascena  (Love-in-a-mist) 

Blue  and  white 

(Enothera  drummondii  var.  nana  (Dwarf 

Yellow 

6  inches 

Evening  Primrose). 
Papaver  rhasas  (Shirley  Poppy) 

Various 

18  inches  to  2 

*Phlox  drummondii 

Various 

feet 
6  to  9  inches 
9  inches 
2  feet 

18  inches 

*Reseda  odorata  (Mismonette) 

Yellow  and  greenish  white 
Yellow  and  brown 

Various 

Rudbeckia  bicolor  var.  superba  (Black-eyed 

Susan). 
Schizanthus  (Butterfly  Flower) 

Tagetes  signata  var.  pumila  (Dwarf  Mari- 
gold). 

♦  Vtola  tricolor  (Common  Pansy) 

This  plant  is  really  biennial  (see  Herba- 
ceous Perennials,  page  870),  but  is 
commonly  treated  as  an  annual  and 

sown  in  Augjust ;  the  plants  are  trans- 
planted twice  in  flats,  and  either 
wintered  in  a  cold  frame  and  set  out 
in  spring,  or  set  at  once  in  perma- 
nent position  in  the  border  and  later 
in  the  fall  covered  lightly  for  over 
winter  with  hemlock  boughs  and  a 
few  leaves. 
Zinnia 

Yellow 

I  foot 

Various 

6  to  9  inches 

9  to  18  inches 
3  to  3  feet 

Various 

Class  B.  Half-liardy  Annuals  (To  be  sown 
in  late  May  or  early  June) 
Amaranthus  caudatus 

Crimson •••••. 

Crimson 

Amaranthus  speciosus 

2  feet 

*Callislephus  hortensis  (China  Aster) 

Various 

6  inches  to  3 

♦Matthiola  (Stock) 

Various 

feet 
I  foot 

Petunia 

Various 

6  to  9  inches 
10  inches 

•Tropaeolum  (Nasturtium),  dwarf 

Tropaeolum  (Nasturtium),  tall,  climbing. 
Ver  )ena 

Various 

Various 

4  to  6  feet 
6  inches 

Various 

Class  C.   Tender  Annuals  (Seeds  should  be 
started  indoors;  plants  should  be  set 
out  in  June) 
Balsam 

Various \ 

2  feet 

Cosmos 

Various 

3  feet 

Dahlias,  single 

Various . 

3  to  4  feet 
3  to  4  feet 

Nicotiana 

Various . . 

55 
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Herbaceous  PerennialB 

(The  varieties  marked  with  an  asterisk  are  especially  desirable) 


Height 


Massiye  Background  Perennials 

M  runcus  Sylvester.  (See  Spiraa  aruncus,) 
*  Aster     nowB-anglia     (New     England 

Aster). 
Bocconia  cordata  (Pliime  Poppy) . . . 
Has  large^  handsome  leaves,  with 
gray  bloom  like  those  of  Blood- 
root. 
*Boltonia  aster  aides 


Chrysanthemum    uliginosum     (Giant 

Daisy). 
Helenium  auiumnaie  var.  superhum. . . 

Helianthus    giganteus     (Giant    Sun- 
flower). 

Helianthus  mollis 

Helianthus    orgyalis    (Narrow-leaved 

Sunflower). 
^Hibiscus     [=s     Althaa]      moscheutos 
(Marsh,  or  Rose,  Mallow). 
Has   lax^ge,  hollyhock-like  flowers, 
white  to  rose,  with  dark  centers. 
Lythrum  salicaria  var.  roseum  super- 
bum  (Purple  Loosestrife). 
*  Polygonum  sieholdii  [=P.  cuspidatum] 
An  excellent  foliage  plant;  leaves 
broad,  heart-shaped;  flowers  smsdl 
and  white,  in  abundant  lateral 
clusters. 

Note. — Buyers  should  be  sure 
to  get  P.  sieholdii  [=  P,  cuspida 
turn],  not  P.  sachaHnense,  which  is 
larger  and  very  rank  in  growth, 
spreads  rapidly,  and  is    almost 
impossible  to  eradicate. 
Rudbecfcia  laciniata   var.  flore   plena 
(Golden  Glow). 
Is  planted  too  extensively.  Growth 
rank.    Flowers  a  crude  ydlow. 
Rudbeckia  subtomeniosa  (Sweet  Cone- 
flower). 
SUphium  laciniatum 


SoUdago  aUissima  (Goldenrod)  Flowers 

in  panicles. 
*Spiraa  aruncus  l='Aruncus  syhester] 
(Goatsbeard). 

Good  Foliage  Perennials 

(Maintaining    good    foliage    for   the 
entire  season,  and  safe  as  "  filler 
for  making  up   the  bulk   of  the 
planting;  also  excellent  in  flower) 


Rosy  purple. 
White 


White  to  lavender 

White 

Yellow 

Yellow 

YeUow 

Yellow 

White     to    rosy 
pink 

Rosy  purple. . 
White 


August- 

Sptember 
July-August 


September^ 
October 
August- 
September 
August- 
S^tember 
SQ)tember- 
October 
July-August 
September- 
October 
August- 
September 


July-August 

August- 
S^tember 


YeUow. 


Yellow,   with 

brown  center 
Yellow 

YeUow 

White 


July-August 


August- 
September 

July- 
September 

September- 
October 

June-July . . 


4  to  6  feet 

5  to  8  feet 

5  to  7  feet 
4  to  5  feet 
4  to  6  feet 

6  to  10  feet 

4  to  5  feet 
8  to  10  feet 

4  to  6  feet 

5  to  7  feet 
5  to  6  feet 


6  to  8  feet 

4  to  5  feet 

5  to  6  feet 

7  to  9  feet 
4  to  6  feet 
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Color 


Season 


Height 


Good  Foliage  Perennials  (continued) 

*  Anemone  japonica    (Japanese   Wind 

flower). 
^Aquilegia  chrysanfha  (Yellow  Colum- 
bine). 
^AquUegia  ccendea  (To  be  treated  as 

a  biennial). 
*Aruncus  Sylvester,    (See  Spiraa  arun- 

cusJ) 
Astilbe  japonica  [=  Spircea  japonica] 
•Chrysanthemums  (Hardy  Pompons) 
The  button,  or  small-flowering  old- 
fashioned      pompon,      vaneties. 
Flowers  small  and  double,  bloom- 
ing until  snow  falls. 

Clematts  recta 

Clematis  stans : 

*Dicentra  spectabilis  (Bleeding  Heart) 
Best  in  partial  shade. 

Dictamnus    albus    [=  D.  fraxineHa] 
(Gas  Plant). 
Foliage  dark  and  glossy,  with  lemon 
odor  when  crushed. 
*Fems.     (See  under  Rock  Garden  Per- 
ennials,  page  871,  Perennials  En* 
during  Shade,  page  875,  and  Hardy 
Aquatic  Plants,  page  880.) 

*Funkia  subcordata  (Day  Lily) 

Endures  shade. 
HemerocaUis  jUwa  (Lemon  Lily) . . 

Endures  partial  shade, 
♦/rw  kangata  [=  /.  kcBmpferi[  (Japanese 
Iris). 
Best  when  growing  in  water. 
•Peonies 

*  Phlox   paniculata    [=3  p.    decussata] 

(Late  Phlox). 

*  Phlox  suffruticosa  (Early  Phlox)   . . 


*  Polygonum  sieboldii  [=  P,  cuspidatum] 

var.  compactum, 
^Spiraa  aruncus  [=Aruncus  Sylvester] 
(Goatsbeard). 
An  excellent  plant  anywhere.     (See 
Massive  Background   Perennials, 
page  866.) 
Spiraa  japonica.      (See  A  stilbe  japon- 
ica.) 
Spiraa  lobata  [=  Ulmaria  rubra  var. 

venusta]  (Queen  of  the  Prairie). 
Spiraa  palnuUal=s  Ulmaria  purpurea] 


White,  red,  and 

rosy  pink 
Yellow 


Blue. 


White 

All  colors  except 
blue  and  purple 


White 

Light  blue 

Rosy    pink    (red 

and     white 

mixed) 
White 


September- 
October 
June-August 

May-June. 


June-July . . 

September- 

^fovember 


June- July.. 
September. 
May-June. . 


June-July. . 


White.. 
Yellow. 


All  colors  except 
red 

All  colors 

Many  colors. . . 

Several  colors, 
from  Miss 
Li  n  ga  r  d , 
white,  to 
Burns,  rosy 
purple 

White 


White. 


Deep  pink 

Carmine-pink. 


August- 
September 
June-July. . 

June-July. . 


May-June. . 
July- 
September 
June-August 


August- 

Sptember 
June-July . 


June. 
July. 


2  to  4  feet 

3  to  4  feet 
18  inches 


2  to  3  feet 
2  to  3  feet 


2  to  3  feet 
4  to  5  feet 
I J  to  2  feet 


2  to  3  feet 


18  inches 
2  to  3  feet 
2  to  3  feet 


2  to  3  feet 

3  to  4  feet 

2  to  3  feet 


18  inches 
4  to  6  feet 


3  to  4  feet 
3  to  4  feet 
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Height 


Good  Foliage  Perennials  (continued) 

*Stai%ce  laUfolia  (Sea  Lavender) 

Has  large,  handsome  root  leaves,  sur> 

mounted    by    a    cloud    of    tiny 

flowers  in  large,  erect,  spreading 

clusters. 

*Stokesia  cyanea  (Stokes*  Blue  Aster) 

*TrolUu5  europcsus  (Globeflower) .  . . 


Ulmaria.     (See  Spircta,) 
*  Veronica  langifoha  var.  subsessilis. . 

Note. — Cannas  are  omitted  from 
both  the  Good  Foliage  list  and  the 
Bold  Foliage  list  (page  874),  because 
the  writer  believes  they  are  planted 
too  extensively  in  the  flower  garden 
and  the  hardy  border.  For  tropical 
and  subtropical  bedding  they  are  in- 
dispensable, but  in  other  places  the 
large,  tender  leaves  are  very  con 
spicuous,  and  the  plant  is  not 
comparable  to  such  good  foliage 
types  as  Peonies,  Iris  Hvigata  (=7. 
k(Bmpfer%\,  Funkia  suhcordata,  Eula- 
lia,  Hibiscus  moscheutos,  or  Polygo- 
num sieboldii, 

Harrow  Upright  Perennials  (Attractive 
when  massed  in  groups  with  the  good 
foliage  types  named  above) 
*Aconitum   autumnale   (Autumn  Aco- 
nite, or  Monkshood). 
*Alth(Ba  rosea  (Hollyhock)  in  variety. 
*Campanula  pyramidalis,  and  var.  alba 
(Chimney  Plant,  or  Steeple  Bells) . 
To  be  treated  as  a  biennial. 
Delphinium  elatum  (Bee  Larkspur) . . . 

Digitalis  purpurea  (Foxglove) 

Usually  biennial 
^Digitalis    purpurea   var.    alba    (Fox- 
glove). 

Usually  biennial.    This  white  vari- 
ety  is    much    better   than    the 
type,  listed  just  above. 
•Gladiolus  in  variety 


Iris  pallida  var.  dalmatica. 


*Kniphofia  [=Tritoma]  pfitzeH  (Flame 
flower). 
Should  be  mulched  over  winter,  or, 
better,  stored  in  sand. 
Liatris  pycnostackya  (Blazing  Star,  or 
Gay  Feather). 


Bluish  purple. . 


Blue. 


Bright  yellow . 


Blue-purple . 


Deep  blue 

Various 

Blue  and  white. 

Blue 

Pink-lavender.. 

White 

Various 

Lavender 

Orange-red.  . . . 


Rosy  purple . 


August. 


My- 

September 
May-June 


August- 
Sptember 


li  to  2  feet 


18  inches 

12  to  18 
inches 

2  to  3  feet 


Jdy- 

September 
July-August 
July-August 


June-August 
une-July . . 

June-July. . 


Jtdy- 
September 

Last  of 
May-June 

August- 
September 


August- 
September 


4  to  5  feet 

6  to  8  feet 
4  to  6  feet 


4  to  6  feet 
2  to  3  feet 

2  to  3  feet 


4  feet 

2  to  4  feet 

3  to  4  feet 

4  to  5  feet 
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Color 


Season 


Height 


Narrow  Uiiright  Perennials  {conUnued) 
*Lilium  brownii 


*LUium  candidum  (Madonna  Lily) . 
*Lilium  henryi 


*Luium  speciosum  var.  album . . 
*LUiufn  speciosum  var.  roseum, 
*LUium  speciosum  var.  rubrum . 
*LUium  tigrinum  (Tiger  Lily) .  . 


(Enothera    biennis    var.    grandiflora 

[=(E.  lamarkiana]  (Lamark's  Even- 

ning  Primrose). 
Penistemon  barbcUus  var.  torreyi  . . . 
Solidago  altissima  (Goldenrod) 

Flowers  in  panicles. 
Solidago  lanceolata  (Goldenrod) 

Flowers  in  flat-topped  clusters. 

Low  Perennials  for  Edging  or  Ground 
Cover    (See  also  I^no  Woody   Plants 
for  Ground  Cover,  page  852) 

Achillea  tomentosa 

Foliage  feathery,  downy,  and  ever- 
green. 
Mgopodium  podagrariavar,  variegatum. 
A  very  common  foliage  plant  for 
edging.    Leaves  white-margined. 

Ajuga  genevensis  (Geneva  Bugle) 

Foliage  shining  men. 

*Alyssum  saxatile  (Golden  Tuft) 

Foliage  silvery. 

Arabis  albida  (Kock  Cress) 

Bloom  profuse. 
*Armeria   maritima      (Cushion  Pink, 
or  Thrift). 
Evergreen.    Bloom  profuse. 
*Aubrietta  deltoidea  var.  grcica  (Purple 
Rock  Cress). 
An  excellent  low  evergreen  for  edg 
ing. 
^Campanula  carpaiica 


^Campanula  carpaHca  var.  alba 

Cerastium  tomentosum 

Foliar 3  silvery. 
Ceraiosttgma    plumbaginoides   (Hardy 
Lead  wort). 
Forms  neat  tufts. 
*Convallaria  majalis  (Lily  of  the  Valley) 
Foliage  a  good  green.  Endures  shade. 


White  within, 
rosy  violet 
witliout 

White 

Orange 

White 

Pink 

Rosy  pink, 
spotted  red 

Orange,    spotted 
purple 

Yellow 

Scarlet 

Yellow 

Yellow 

Yellow 

Creamy  white. 

Blue 

YeUow.. 

White 

Pink 

Violet-purple. . 

Deep  blue 

White 

White 

Light  blue. . . . 
White 


July-August 


June-July. 

August- 
^ptember 

August- 
September 

August- 
^ptember 

August- 
September 

July-August 

June-August 


July-August 
September- 
October 
August- 
September 


June-July . 
June 


May-Jime. . 
April-May. . 
April-May. . 
May-June. . 

April-May. . 

July-August 

July-August 
June 


September- 
October 

May-June. . 


4  feet 

3  to  5  feet 

4  to  5  feet 

3  to  4  feet 
3  to4feet- 

3  to  4  feet 

4  to  5  feet 
4  to  5  feet 


4  to  5  feet 
7  to  9  feet 

3  to  5  feet 


6  to  9  inches 

12  inches 

8  inches 
12  inches 
8  inches 
6  inches 

6  inches 


12  to  IJ 

indies 
9  inches 
3  to  6  inches 

9  inches 
8  inches 
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Low  Perennials  for  Edging  or  Ground 
Cover  {continued) 
Dianthus    plumarius.    Napoleon    III 
variety  (Napoleon  III  Pink). 
Foliage  narrow.     Bloom  pxx>f use. 

Houstonia  cetrulea  (Bluets) 

Starry  flowers  on  slender  stems, 
Both  this  and  Phlox  subulata 
are  wild  plants  which  form  great 
masses  ot  bloom  in  the  fields  in 
May. 

*Ibefis  sempervirens  (Evergreen  Candy- 
tuft). 
Foliage  evergreen. 
*Myosotts  palustris  var.  semperflorens 
(Ever -blooming   Forget-me-not) 
Best  with  shade  and  moisture. 

*  Nepeta  glechoma  [=  Glecoma  hederctcea] 

((Ground    Ivy,   or    Gill-over-the- 
ground). 

Best  with  shade  and  mcnsture.  Good 
ground  cover. 

*Phlox  subulata  (Moss  Pink) 

Foliage  ever^een,  but  weak  and 
small,  formic  a  mossy  bed. 

SteUaria  holostea  (Easter  Bell) 

Veronica  rupestris     

A  dense  trailing  plant,  forming 
thick  mats. 

*  Vinca  minor  (Myrtle) 

A  broad-leaved  evergreen.  Makes 
excellent  ground  cover  in  sun- 
light or  shade. 

*  Viola    comuta  (Homed    Violet,    or 

Tufted  Pansy). 
FoUa^e  eood. 

*  Viola  tricolor  (Common  Pansy). . . 

To  be  treated  as  an  annual.  (See 
note  under  Hardy  Annuals,  page 
865.) 

Rock  Garden  Perennials  (See  also  Low 
Woody  Plants  for  Rock  Garden  or  Small 
Edging,  page  853.) 

Note. — A  rode  garden  must  have 
a  cool  exposure  and  a  constant  water 
supply.  It  should  be  made  of  large 
bowlders,  with  deep  soil  pockets.  A 
stone  pile  in  the  hot  sunshine  is  not 
a  rock  garden.  In  addition  to  the 
following,  all  the  low  perennials  listed 
above  are  good  in  rock  gardens. 

Adonis  amurensis  (Bird's^e).. . 
*Aquilegia«?  as  given  under  Good  Foliage 
Perennials,  page  867. 


Crimson.. 
Pale  blue. 


June-August 
May 


White 

Blue 

Blue 

White,   pink,   or 
pale  blue 

White 

Purple 


May- June. . 
May-August 
April-May. . 

April-May.. 


May 

May-June. 


Blue,    with    a 
white  variety 


White,  yellow,  or 
blue 

Many  colors . . , 


May. 


May- 
October 

May- 
September 


12  inches 

3  to  6  inches 

12  inches 
8  inches 

4  inches 

6  inches 

12  inches 
4  to  6  inches 

6  inches 

8  inches 
6  to  9  inches 


Yellow. 


March- 


April 


8  inches 
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Color 

Season 

Height 

Rock  Garden  Perennials  (continued) 
*  Aster  alpinus,  and  var.  alba 

Blue  or  white. . . 
White 

June 

July 

July 

June 

April-May 

June- 
September 

Jime- 
September 

Jime 

June- 
August 

May-Jtme. . 
May- 
October 
May- June. . 

April-May  . 
Nlay-June.. 
September- 
October 

July 

June- 
September 

June- 
September 

6  inches 

♦Perns: 

Asplenium  ebeneum, 
Polypodium  vulgare. 
Galax  apkylla, 

6  inches 

A  southern  evergreen,  with  large, 
round,  glossy  leaves  turning  to 
a   beautiful    bronze    in    winter. 
Much  used  in  floral  decorations. 
Not  hardy  in  all  parts  of  New 
York  State. 
Gypsophila  cerastioides 

Pinkish  white . . . 

Pinkish  white... 

White,  lavender, 

or  pink 
Brilliant  red .... 

White 

3  to  6  inches 
3  to  6  inches 

A  creeping  plant,  witti  large  flowers 
(often  f  mch  across)  and  broad, 
downy  foliage. 
*Gyfsophila  repens 

A  creeping  plant,  with  small  flowers 
and  narrow,  glabrous  foliage. 
Hepatica  triloba  (Common  Hepatica) 

Leaves  three-lobed,  evergreen. 
*Heuchera  sanguinea  (Coral  Bells) .... 

Heuchera  sanguinea  var.  alba 

Lysimachia  nummvlaria  (Moneywort, 
or  Creeping  Charlie). 
Flat  and  creeping.      Leaves  oppo- 
site   and  evergreen,    resemblmg 

ridge  Berry)  but  softer  in  texture 
and  without  the  white  midvein 
above. 
^KEtu>thera     missouriensis      (Missouri 

4  to  6  inches 
15  inches 
15  inches 

Yellow 

4  inches 
12  inches 

Yellow 

Evening  Primrose). 
Prostrate  habit.     Bloom  profuse. 

Papaver  alpinum  (Alpine  Poppy) 

*Papaver  nudicaule  (Iceland  Poppy).. . 

PotenUlla  tridentata 

White 

6  inches 

White,      yellow, 

orange,  or  red 
White 

13  inches 
6  to  8  inches 

Often  woody  at  the  base. 
Saxifrapa  cordifolia 

Lilac-purple 

Yellow 

12  inches 

2  to  3  inches 

*Sedum  spectdbile   (Showy  Stonecrop) 
For  ordinary  garden  soil. 

Sedum  stolontfefum    (Purple     Stone- 
crop). 

Long-blooming  Perennkls 

*  Achillea  ptarmica.  The  Pearl  variety 
Foliage  narrow  and  inconspicuous. 

An  excellent  plant  for  poor  soil. 
(See  page  871.) 
*Anthemis  Hnctoriavax.  kekoayi  (Golden 
Marguerite). 

Lavender-pink. . 
Purplish  pink . . . 

White 

18  inches 
6  inches 

li  to  2  feet 

Golden  yellow . . 

2  to  3  feet 
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Color 


Season 


Height 


Long^blooming  Perennials  (continued) 
CaUirrhoe  involucrata  var.  lineariloba 
(Poppy  Mallow). 
Low  and  creeping. 
Chrysanthemum  leucanthemum,  Shasta 

Daisy  variety. 
Dianthus    plumarius,    Napoleon    III 

variety  (Napoleon  III  Pink). 
Gaillardia  aristata 


Crimson,  with 
white  eye 


June- 
September 


White... 
Crimson. 


12  inches 


Jtme-August,  li  to  2  feet 
June- August  I  12  inches 


*neuchera  sanguinea  (Coral  Bells) 

*Myo50tis  palustris  var.  semperflorens 

(Ever-blooming  Forget-me-not) 

Grows  best  where  groimd  is  moist 

and  shady. 

*Papaver  nudicatde   (Iceland    Poppy) 

Flowers  abundant.     To  be  treated 

as  an  annual. 

*Phlox  suffruticosa  (Early  Phlox) . . . 


Yellow,  with 
orange  center 
(varieties 
range  from 
yellow  to  crim- 
son) 

Brilliant  red .... 

Blue 


*  Viola    comuta    (Homed    Violet,    or 

Tufted  Pansy). 

*  Viola  tricolor  ((jommon  Pansy). . . . 

To  be  treated  as  an  annual.  (See 
note  under  Hardy  Annuals,  page 
865.) 

Many-colored    Perennials    (Perennials 

with  varieties  in  many  colors) 

*AUhaa  rosea  (Hollyhock) 


White,      yellow, 
orange,  or  red 

Several      colors, 
from  Miss  Lin- 

fird,  white,  to 
urns,     rosy 
purple 
White,      yellow, 
blue,  or  purple 
Many  colors . . . 


♦(3irysanthemums  (Hardy  Pompons). 
♦Crocus.  (See  under  Bulbs ,  page  863 .) . 
♦Dahlias 


*Dianthus  barbatus  (Sweet  Wil\iam) . 
♦Gladiolus 


Hyacinths.       (See      under      Bulbs, 

page  863.) 
*Irisl<jBmgata  [=/.  kampferi]  (Japanese 

Iris). 
*Papaver  nudicaule  (Iceland  Poppy) 

To  be  treated  as  an  annual. 
♦Peonies 


June- 
October 


June- 
September 
May-August 


May- 
October 

June- 
August 


May- 
October 
May- 
S^tember 


July- 
August 
September- 
November 
March- 
April 
August- 
October 
June-July . . 

April-May. . 

June-July .  . 

June- 
September 
May-June. . 


2  feet 


15  inches 

8  inches 

12  indies 
2  to  3  feet 

9  inches 

6  to  9  inches 


6  to  8  feet 

2  to  3  feet 
6  inches 

4  to  5  feet 

15  inches 
2}  to  3  feet 

12  inches 

3  feet  . 
12  inches 
2  to  3  feet 
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Color 


Season 


Height 


Many-colored  Perennials  (continued) 

*  Phlox   paniculata    [=  P.    decussata] 

(Late  Phlox). 
♦Tulips: 

Early.  (See  under  Bulbs,  page  863.) 

Late.   (See  under  Bulbs,  page  863.) 

*  Viola  tricolor  (Common  Pansy) 

To  be  treated  as  an  annual.  (See 
note  under  Hardy  Annuals,  page 
865.) 

Other  Fayorite  Perennials  for  Flowers 
Asdepias  tuber osa  (Butterfly  Weed) . 


Aster  lavis  (Smooth  Aster). 


*BeUis  perennis  (English  Daisy) 

Good  for  low  border.  Should  be 
protected  in  winter  with  a  light 
leaf  mulch.  Mainly  grown  as  a 
spring  bedding  plant,  to  be  re- 
newed each  year. 

^Boltonia  laiisguama 


Chrysanthemum    coccineum    [=  Pyre- 
thrum  roseum]. 
^Coreopsis  lanceolata  var.  grandiflora. . 
Of    strong    growth,    abundant    in 
flower. 
♦Dahlias 


*  Delphinium  formosum 

*Dianthus  barbatus  (Sweet  William). 


Dicentra  eximia 

*Gysophila  paniculata  (Baby's  Breath) 

HeUeborus  niger  (Christmas  Rose) ... 
Foliage  evergreen.    The  first  plant 
to  bloom  in  spring. 
Liatris  pycnostachya  (Blazing  Star,  or 

Gay  Feather). 

Papaver  orientate  (Oriental  Poppy) . . 

Papaner  orientale.  Blush  Queen  variety 

^Papaver  orientale,  Silver  Queen  variety 

^Physostegia  virginiana  (False  Dragon 

head). 
*Platycodon    grandiflorum,    and    var. 

album  (Bafioonflower). 
Primula  polyantha  (Polyanthus) . . . 


*Pyrethrum  roseum  [=  P,  hybridum] 

(See    Chrysanthemum     coccineum.) 

Rudbeckia  speciosa  (Coneflower) 


Bright  orange. 
Light  blue 


White,    red,    or 
pink 


Pinkish  lavender. 

White,   pink,   or 

red 
Deep  yellow. . 


All  colors. 


Blue 

White,    red,    or 

pink 
Rosy  pink 
Pinkidi 


white. . 


White. 


Rosy  purple 

Intense  crimson. 
Crimson  pink. . . 

White 

Pink,  purple,  or 

white 
Blue  or  white. . . 

Yellow,  or  mixed 
yellow  and  red 

Yellow.      with 
IrnwTi  center 


July- 

September 

Late  April- 
late  May 

Middle  May 
-early  June 

May- 
September 


July- 
August 

Septemoer- 
October 

April-May. . 


August- 

S^tember 
June-July . . 

Jime- 
August 

August- 
October 
June-July.  . 
une-July. . 

June-July. . 
uly- 

August 
February- 
March 

August- 
September 

June 

Time 

Time 

July 

July- 

September 
May 


July- 
August 


3  to  4  feet 


12  inches 

12  to  15 

inches 
6  to  9  inches 


I  to  2  feet 
3  to  4  feet 
6  inches 


4  feet 
2  feet 
2  feet 

4  to  5  feet 

2  to  3  feet 
15  inches 

18  inches 

2  to  3  feet 

6  inches 

•4  to  5  feet 

3  feet 
3  feet 
3  feet 

1  to  3  feet 

2  to  3  feet 
8  inches 


2  feet 
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Color 


Season 


Height 


OiheT  Favorite  Perennials  for  Flowers 

(continued) 
Solidago    ctBsia    (Blue-stemmed,    or 

Woodland,  Gpldenrod). 
Slender    and    spreading.      Grows 

best  in  partial  shade.    Flowers  in 

axils  of  leaves. 

Solidago  canadensis 

Flowers  in  panicles.     Root  leaves 

present.      A  variety  of  this  is 

often  listed  as  Golden  Wings. 

Tall  Grasses  and  Other  Perennials  for 
Bold  Foliage  Effects  (See  note  relat- 
ing to  Caimas,  under  Good  Foliage 
Perennials,  page  868) 

Note. — Penisetum  japonicum  is  an 
annual  grass  growing  to  4  feet  in  height, 
and  very  desirable,  especially  for  add- 
ing lightness  to  heavy  foliage  types 
Arundinaria  japonica  (Japanese  Bam- 
boo). 

Foliage  evergreen. 

Arundo  donax  (Giant  Reed) 

*Bocconia  cordata  (Plume  Poppy) 

Has  large,  handsome  leaves,  with  a 

f-ay   bloom  resembling  that  of 
loodroot. 

*Erianthus  ravenmg  (Wood  Grass,  or 

Plume  Grass). 

Has  long,  violet-tinged  leaves  and 

handsome  plumes,  resembling  the 

famous  Pampas  Grass. 

*Eulalia  japonica  (Eulalia).     (See  Mis- 

cantkus  sinensis.) 
^Hibiscus  moscheutos  (Rose  Mallow) . 
Has  large,  hoUyhock-like  flowers. 

*Miscanthus  sinensis  [=  Eulalia  japon 
ica]  (Eulalia). 
This  and  A  rundo  donax  are  the  com- 
monest ornamental  grasses. 
There  are  three  varieties:  gracilli- 
muSj  leaves  narrow  and  green 
variegatuSj  leaves  striped;  ze- 
hrinus,  leaves  banded. 

*  Polygonum  sieboldii  [=P.  cuspidatum] 

An  excellent  foliage  plant.     Leaves 

broad  heart-shaped;  flowers  small 

and  white,  in  abundant  lateral 

dusters. 

Note. — Buyers  should  be  sure  to 
get  P.  sieboldii  [=P.  cuspidatum], 
not  P.  sachalinense,  which  is  larger 
and  very  rank  in  growth,  spreads 
rapidly,  and  is  almost  impossible 
to  eradicate. 


Yellow. 


Yellow. 


August- 
September 


July- 
August 


18  inches  to 
2  feet 


3  to  5  feet 


White. 


July- 
August 


White,  pink,  or 
rose,  with  a 
darker  center 


August- 
September 


5  to  8  feet 


8  to  15  feet 
5  to  8  feet 


4  to  7  feet 

4  to  6  feet 
4  to  9  feet 


White. 


August- 
September 


5  to  6  feet 
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Perennials  Enduring  Shade  (See  also 
Woody  Plants  Enduring  Shade,  page 
854) 

Note.— All  the  plants  under  Bulbs 
will  endure  partial  shade  except  Hya- 
cinths, Tulips,  and  late  Sdllas.  Lilies 
will  also,  except  possibly  Lilium  can- 
didum,  but  they  should  not  be  planted 
under  trees.  They  thrive  best  among 
other  perennials  or  shrubs.  (For  de- 
scriptions, see  Narrow  Upright  Peren- 
nials, page  869.) 

For  dry  soil 

Ajuga  genevensis  (Geneva  Bu^le).. . 
*Aquilegia  canadensis  (Columbine) . . 
♦Ferns: 

Asplenium    ebeneum    (Ebony 

Spleen  wort). 
Onocled  sensihUis  (Sensitive  Fern) 

Osmunda  claytoniana 

Pdypodium     vulgare    (Common 
Polypody). 
^Heuchera  sanguinea  (Coral  Bells). 

Heuchera  sanguinea  var.  alba 

These  will  grow  in  partial  shade 
Iberis      sempervirens      (Evergreen 
Candytuft). 
Will  grow  in  partial  shade. 

Liatris  elegans 

(Enothera  missouriensis 

For  partial  shade. 

*Rudbeckia  fulgida 

For  partial  shade. 

Rudbeckia  triloba 

SoUdago  casia  (Blue-stemmed  Gold- 
enrod). 

SoUdago  speciosa 

Stout  and  spreading. 
*Spiraia  ar uncus  [^=^Aruncus  Sylvester] 
*  veronica  rupestris 


Blue 

Red  and  yellow. 


May-June. 
May-June. 


Red... 
White. 

White. 


Rose. . . 
Yellow. 

Orange. 

YeUow. 
Yellow. 

YeUow. 


White 

Bluish  purple. 


For  awage  moist  soil 

*Aconitum  autumnale  (Monkshood) 


Blue. 


*  Anemone  Japonica 

For  partial  shade. 

Anenume  ranunculoides 

Aster  patens 

For  partial  shade 

Campanula  macraniha 

*CowoaUaria   majaUs     (Lily  of   the 

Vafley). 
*Dicentra  spectMlis  (Bleedins  Heart) 

Grows  best  in  partial  shade . 
Dictamnus  albus  ^  D.  fraxineUa] 
(Gas  Plant). 
For  partial  shade* 


Rosy   pink    and 
white 

Yellow 

Bluish  purple . 


Purple. 
White., 


Rosy  pink. 
White 


June-July. . 
une-July.. 

May- June. . 


July-August 
une-July. . 

August- 
September 

July-August 

August- . 
September 

September- 
October 

June-July. 

May-June.. 

September- 
October 

April-May.. 

September- 
October 

June 

May-June. 

May-June. 
June-July. 


8  inches 
18  inches 

12  inches 

I  to  2  feet 

3  feet 

6  inches    . 

15  inches 
15  inches 

12  inches 


2  to  3  feet 
12  inches 

18  inches  to 
2  feet 

3  to  4  feet 
ij  to  2  feet 

3  to  4  feet 

4  to  6  feet 

4  to  6  inches 

4  to  5  feet 

3  feet 

9  inches 
18  inches 

4  feet 

8  inches 

1}  to  2  feet 
2  to  3  feet 
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Perennials  Enduring  Shade  {continued) 
For  average  moist  soil  {continued) 
Erytkronium  americanum  (Adder's- 

tongue,  or  Dogtooth  Violet). 
Ferns: 
*Adiantum  pedatum  (Maidenhair 

Fern). 

*Aspidium  acrostichoides  (Christ- 
mas Fern). 
*Asplenium  fiUx-fosmina      (Lady 

Fern). 
Lyzpdium  palmatum     (Climbing 

Fern). 
*Osmunda  cinnatnomea  (Cinnamon 

Fern). 
*Osmunda  regalis  (Royal  Fern) . . 

*Funkia  subcordata  (Day  Lily) 

For  partial  shade . 
HemerocaUis  flava  (Lemon  Lily). . 

For  partial  shade. 
Hepatica  triloba  (Common  Hepatica) 
Leaves  three-lobed  and  evergreen. 

Iris  florentina 

For  partial  shade. 
*Kniphofia   [=  Tritoma]   pfttzeri 
(Flame-flower). 
For    partial    shade.     Should    be 
mulched  over  winter,  or,  better, 
stored  in  sand. 
Liatris  pycnostachya  (Blazing  Star, 
or   Gay    Feather). 
For  partial  shade. 
^Lobelia  cardinalis  (Cardinal  Flower) 

Mertensia    virginica    (Bluebell,    or 
Virginia  Cowslip). 
For  partial  shade. 
*Myosotis  palustris  var.  semperflorens 
(Ever-blooming    Forget-me- 
not). 
Grows  best  in  wet  soil. 
*Nepeta  glechoma   [=  Glecoma  hed- 
eracea]  (Groimd  Ivy,  or  Gill- 
over- the-ground)  . 
(3ood  ground  cover. 
*PkUycodon  grandiflorum,  and  var, 
a^m    (Bellflower,    or    Balloon- 
flower). 
*Rudbeckia  subtamentosa 


Yellow. 


Late     April 
into  May 


SoUdago      casta      (Blue-stemmed 

Goldenrod). 
Spiraa  palmata  [=  XJlmaria  pur 
purea]. 
For  partial  shade. 
*TroUius  europctus  (Globeflower) . . . 


White.. 
YeUow. 


White,  lavender, 

or  pink 
White 


Scarlet. 


Rosy  purple. 
Red 


Blue. 
Blue. 

Blue. 


Blue  or  white. 
Yellow 


Yellow 

Carmine-pink. 


August- 
September 
June-July 

April-May. . 

May 


August- 
Sqptember 


August- 
Scqptember 

August- 
S€i>tember 
May-June. 


May- 
August 


April-May. 


July- 
September 

August- 
September 

August- 
September 

July 


Yellow. 


May-June. 


8  to  12 
inches 

12  inches 

12  inches 

2  to  3  feet 

2  feet 
4  feet 

3  feet 
i)feet 

2  to  3  feet 

4  to  6  inches 
18  inches 

3  to  4  feet 


4  to  5  feet 

2  to  3  feet 
18  inches 

8  inches 
4  indies 

2  to  3  feet 

4  to  5  feet 
li  to  2  feet 

3  to  4  feet 


12  to  18 
inches 
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Perennials  Enduring  Shade  (continued) 
For  average  moist  soil  (continued) 

Tussilago  farfara  (Coltsfoot) 

Leaves  resembling  those  of  Ger- 
man Ivy  (Senecio  mikanioides) 
in  shape,  but  much  larger,  dark 
green  above  and  white  downy 
below. 

*  Viola  tricolor  (Common  Pansy) . . 

For  partial  shade.  To  be  treated 
as  an  annual.  (See  note  under 
Hardy  Annuals,  page  865.) 

Perennials   Enduring  Poor,  Dry   Soil 

(Of  many  colors  and  sizes,  from  April 
to  October,  with  an  abundance  of 
yellow  in  July,  August,  and  Septem- 

For  shade.  (See  For  Dry  Soil,  under 
Perennials  Enduring  Shade,  page 
875.) 

For  sunlight 

*  Achillea    millefolium   var.   rubrum 

(Red  Yarrow). 

*  Achillea  ptarmica,  The  Pearl  variety 

Achillea  tomentosa  (Woolly  Yarrow) 

*Alyssum  saxatile  (Golden  Tuft) . . 
*Anthemis    tinctoria     var.     kelwayi 
(Golden  Marguerite). 

Asclefna^  tuherosa  (Butterfly  Weed) 
*Ca5Sta  marylandica  (Wild  Senna) .  . 
^Coreopsis  lanceolata  var.  grandiflora 
*Dianthus  barbatus  (Sweet  William). 

Dianthus  plumarius.  Napoleon  III 
variety  (Napoleon  III  Pink). 

Erigeron  acris  (Blue  Fleabane) .  . 

Erigeron  canadensis  (Horseweed) 
Helianthus    rigidus.    Miss    Mellish 

variety  (Stiff  Sunflower). 
Lamium  aibum  (White  Variegated 

Nettle). 
Lupinus  perennis  (Wild  Lupine) . . . 
*Lychnis  coronaria 


Lychnis  coronaria  var.  alba. 


YeUow. 


Many  colors . 


Red.. 

White. 


Yellow. 

Yellow. 
Yellow. 


Orange 

Yellow 

YeUow 

Many  colors . 
Red 


Purplish. 


White. . 
Yellow. 


White. 


Li^ht  blue 

Bnght  crimson. 

White 


grandiflora 
(Lamark's' 


YeUow. 


(Enothera  biennis    var. 
[^  (E.     lamarkiana] 
Evening  Primrose). 
(Enothera   speciosa      (Showy 

ning  Primrose).  I 

Pentstemon  diffusus  (Beairdtongue) .  1  Light  purple. . 

*  Phlox  subidala Pink,    white, 

I      blue 


Eve-    White. 


April. 


May- 
September 


July- 

September 

June- 
September 

June- 
September 

April-May. 

June- 
September 

July 

^  Illy-August 

]  une- August 

]'une-Tuiy.  . 

June-August 

May 


June-August 
August- 
September 
May- July. . . 

June-July . 
June-July . 

June-July . 

June-August 


August- 
September 

June 

April-May. . 


6  inches 


6  to  9  inches 


2  feet 
2  feet 
6  to  9  inches 

12  inches 

2  to  3  feet 

1  to  2  feet 

3  to  4  feet 

2  feet 

15  inches 
12  inches 

12  to   18 

inches 

2  to  3  feet 

4  to  6  feet 

6  inches 

I  to  2  feet 
18  inches  to 

2  feet 
18  inches  to 

2  feet 

4  to  5  feet 

18  inches  to 

2  feet 
I  to  2  feet 

5  inches 
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Color 

Season 

Height 

Perennials   Enduring   Poor,  Dry   Soil 

{continued) 
For  sunlight  (continued) 

Solidago  nemoralis  (Goldenrod) .... 

Yellow 

August- 
S^tember 

May 

May-Jime.. 

12  to  18 

Flowers  in  panicles. 
SteUaria  holostea  (Easter  Bell) 

White 

inches 
12  inches 

♦  Veronica  rupestris  (Rock  Speedwell) 

Bluish  purple .  . . 

4  to  6  inches 

Hardy  Aquatic  Plants  (See  also  Woodv 

Plants  Enduring  Wet  Soil,  page  856.) 

For  deep  water  (Prom  2  to  3  feet  deep 

or  deeper.  Leaves  mainly  floating) 

Nymphaa      [=  Nuphar]      advena 

(Spatterdock,  or  Yellow  Water 

Lily). 

Will  grow  in  any  muddy  water. 

*  Nymphaa  alba  var.  candidissima. . . 

The    best     white    Water    Lily. 
Blooms  the  earliest  of  all  and 
continues  to  bloom  until  frost. 
Nymphaea,  American  Hybrids  (new 
forms    mainly    developed   by 
William  Tricker,  of  Arlington, 
New  Jersey). 

*  Nymphaa     marliacea     (Marliac's 

hybrids). 

These  are  old,  well-known  crosses 
made     by     M.     Marliac,     of 
Temple-sur-Lot,    France,    be- 
tween   N.  alba,  the  common 
white  English  Water  Lily,  and 
N.  odorata  var.  rosea,  the  Cape 
Cod  Water  Lily,  and  N.flava, 
the  Yellow  Water  Lily  of  Flor- 
ida.    The  following  are  four  of 
the  best  hybrids:  albida,  daz- 
zling white;  camea,  beautiful 
pink;  chromatella^  clear  yellow; 
rosea,  brilliant  crimson. 
Nymphcea  odorata   (Native  White 

Pond  Lily). 
Nymphtea  odorata  var.  rosea    (Cape 
Cod  Water  Lily). 

A  beautifui,  small  Lily.    Grows 
in  cool   water  and   does  not 
bloom  after  hot  weather. 

Yellow 

June- 
August 

White 

Jime- 

August 

June- 
August 

June- 
August 

June- 
August 
June-July 

White 

Pink. 

Note.  —  NymfhcBa  tanzibariensis 
(Zanzibar  Lily)  is  an  excellent  ten- 
der Water  Lily,  in  many  colors.     It 
grows  readily  from  seed  and  should 
be  treated  as  an  annual. 

For  shallow  water  (i  foot  deep  or  less. 
Plants  usually  upright) 
*Acorus  calamus'  (Sweet  Flag) 

2  to  3  feet 
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Color 


Season 


Height 


Hardy  Aquatic  Plants  {continued) 
For  shallow  water  {continues^ 

Butomus     umbeUatus      (Flowering 
Rush). 
Leaves  from  2  to  3  feet  long,  iris- 
Uke. 
*CaUa  palustris  (Water  Arum). 
Carexlurida  and  C.  vulgaris  (Sedges) 
Decodon  verticiUatus  [=Nes<Ba  verti- 
cillata]  (Swamp  Loosestrife). 
Has  archinp:  stems,  and  narrow 
leaves  with  beautiful  autumn 
color. 
*Iris  IcBvi^ata  [==  J.  Junnpferi]  (Japan 
ese  Ins). 

*Iris  pseudacorus 

From  Europe. 
Iris  versicolor  (Native  Blue  Flag) . , 


Peltandra  virginica  (Arrow  Aium). 

Pontederta  cordata  (Pickerel  Weed) 

Has  fine  arrow-shaped  foliage. 
Sagiltaria  latifolia  [=5.   variabilis] 
(Arrowhead). 

pha    latifolia    (Cat-tail    Rush) 

lie  spikes  should  be  removed 

before  the  seed  flies,  and  the 

plants  should  be  kept  within 

Sounds  by  cutting  them  under 

water  and  pulling  them  out  at 

the  water's  edge. 

For  the  water's  edge 

Arundinaria  japonica    (Evergreen 

Bamboo). 

Arundo  donax  (Giant  Reed) 

Asclepias  incarnata  (Swamp  Milk- 
weed). 
*Aster  cordifolius 


Many  colors  ex- 
cept red 
Yellow 


Purple,  marked 
with  yellow 
and  white 

Flower  greenish, 
foliage  attrac- 
tive dark  green 

Purplish 


June- July . 

June 

June 


July- 


Typha 
The 


Brown. 


August 


July- 
August 


*  Aster   nova-anglui    (New  England 
Aster). 
The  most  beautiful   and   char- 
acteristic native  fall-blooming 
plant. 

Boltonia  asleroides . ; 


*Boltonia  latisquama  (False  Camo- 
mile). 
There  is  a  variety  nana^  growing 
2  feet  high. 
*Caltha  palustris  (Marsh  Marigold) 
There  is  a  double  variety. 


Rosy  purple.  . 

Varyingfrom 
wmte  to  laven- 
der and  rosy 
Hlac 

Violet-purple  to 
rosy  purple 


White  to  laven- 
der 
Pinkish  lavender. 


Yellow. 


July- 
August 

September- 
October 


August- 
September 


September- 
October 
August- 
September 


April-May. 


2  to  3  feet 
2  to  3  feet 
2  to  3  feet 

2  to  3  feet 

2  to  4  feet 

4  to  8  feet 


5  to  8  feet 

8  to  15  feet 

3  feet 

4  to  5  feet 


5  to  6  feet 

5  to  7  feet 
4  feet 

I  foot 
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Color 

Season 

Height 

Hardy  Aqtiatic  Plants  {continued) 
For  the  water's  ed^e  (continued) 
Comus  canadensts  (Bunchberry).. . 

White 

June 

August- 
September 

August- 
S€5)tember 

6  inches 

A  native  herbaceous  cornel,  with 

good  foliage,  white  flowers,  and 

red  berries. 

*Eulalia.     (See  Miscanthus  sinensis) 

Eupatorium  perjoliatunt  (Boneset). 

Eupatorium    fmrpureum    (Joe-pye 
Weed). 
An      excellent,     strong-growing 
native   plant,  with    mimense, 
flat-headed,  flower  clusters. 
♦Ferns: 

Asplenium  fiUx-ftemina 

White 

4  to  5  feet 
.5  to  6  feet 

2  to  3  feet 
I  to  2  feet 

Pinkish  purple. . 

Osmunda  cinnamomea 

4  feet 

3  feet 

4  to  6  feet 

OsntundcL  tegalis 

Helenium  autumnale  var.  superbum . 

Yellow 

August- 
September 

August- 
September 

August- 
September 

August- 
S€j)tember 

July- 
August 

*Hibiscus  moscheutos  (Marsh  Mal- 
low). 
*Lobelia  cardinalis  (Cardinal  Flower) 

White  or  rose. . . 
Red 

4  to  6  feet 
2  to  3  feet 

*Lohelia  syphilitica  (Blue  Cardinal 

Blue 

2  to  3  feet 

Flower). 

Lythrum  salicaria  var.  roseum  super- 
bum  (Purple  Loosestrife). 

^Miscanthus     sinensis     [^  Eulalia 

Rosy  purple 

5  to  7  feet 
4  to  9  feet 

japonica]  (Eulalia). 
In   three    varieties,    as    follows: 
gracillimus,  leaves  narrow  and 
green;  variegatus,  leaves  striped; 
zebrinus,  leaves  banded. 
Solidano  canadensis      

Yellow 

July- 

August 
August- 
S^tember 

2  to  3  feet 
4  to  6  feet 

Stem  rather  slender. 
*Solidago  sempervirens 

Yellow 

Stem  stout. 

Note. — In  all  aquatic  plantings 
the  following  plants  should  be  rig- 
idly excluded.    They  are  rank  in 
growth  and   easily   become    pests 
almost  impossible  to  eradicate. 
Anacharis  [==  EXodea^  or  Philotria] 

canadensis  (Water  Weed). 
Limnathemum    [=  VUlarsia]    nynp- 

phoides  (Floating  Heart). 
Marsilea     quadrifolia      (European 

Marsilea). 
Nymphcea  tuberosa  (Tuberous  Na- 
tive Water  Lily). 
VaUisneria    spiralis    (Eelgrass,    or 
Tape  Weed). 

This  is  also  called  Wild  Celery, 
and  is  known  to  be  a  favorite 
food  of  the  canvasback  duck. 
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Perennials  in  Order  of  Bloom 

This  list  includes  the  bulbs  and  herbaceous  perennials  mentioned  in  the  preceding 
lists,  except  those  under  Long-blooming  Perennials  and  Many-colored  Perennials, 
The  dates  are  generd  only,  and  of  value  mainly  because  comparative.  Local  con- 
ditions and  seasons  greatly  influence  the  time  of  bloom.  The  letter  w  before  a 
name  means  vM — either  native  or  escaped  from  cultivation.  The  varieties  marked 
with  an  asterisk  are  especially  desirable. 


Season 

Height 

March 

WhiU : 

•Crocus 

March-April 

March-April 

February-March 
March-April 

March-April 

March-April 

March-April 

March-April 

March-April.... 

March-April 

April-May 

April-May 

April-May 

April-May 

April-May 

April-May 

April-May 

April-May 

Lat«   April  into 

May 
April-May 

April 

6  inches 

*Galanthus  nivalis  (Snowdrop) 

6  inches 

Helleborus  niger  (Christmas  Rose) 

*Scilla  sibirica  var.  alba  (Sauill) 

6  inches 
4  to  6  inches 

YeUaw: 

Adonis  amurensis  (Bird's-eve) 

8  inches 

•Crocus 

6  inches 

*Eranthis  hyemalis  (Winter  Aconite) 

Lavender  : 

♦Crocus   

6  inches 
6  inches 

Blue: 

*SciUa  sibirica  (Sauill) 

4  to  6  inches 
6incfaes 

Purple  : 

*Crocus ', 

Hyacinths  and  early  tulips  begin  to   bloom 
in  April,   in  all  colors.     (See  imder  Bulbs, 
page   S63);  also  Trailing  Arbutus   (Eptgcea 
repens)f  pink,    from  late  April  into   May. 
(See  under  Woody  Plants  in  Order  of  Bloom, 
page  836.) 

White: 

Arabis  albida  (Rock  Cress) 

8  inches 

*Bellis  i)erennis  (Enelish  Daisv) 

6  inches 

White,  red,  or  pmk.    (See  under  Other 
Favorite  Perennials  for  Flowers^  page 
873.) 

(w)  Hepatica  triloba  (C^munon  Hepatica) 

White,  pink,  or  lavender. 
*  Narcissus  poeticus 

4  to  6  inches 
12  inches 

(w)*PWo«  subulaia,  The  Bride  variety 

Yellow: 

*Alyssum  saxatile  (Golden  Tuft) 

6  inches 
12  inches 

Anemone  ranunculoide^  (Yellow  Wood  Lily) 

(w)*Caltha  palustHs  (Marsh  Marigold) 

There  is  a  double  variety. 
(w)  Erythronium  americanum  (Adder's-tongue, 
or  Dogtooth  Violet). 
*  Narcissus      pseudo-narcissus      (Common 
DaflFodil). 
(w)  Tussiiaga  farfara  (Coltsfoot) 

9  inches 
12  inches 

8  to  12  inches 

15  inches 

6  inches 

Red: 

*BelUs  perennis  (English  Daisy) 

April-May 

6  inches 

56 
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Perennials  in  Order  of  Bloom  {continued) 


Height 


April  (continued) 
Pink  : 

*BeUis  ferennis  (English  Daisy) 

(w)  HepaUca  triloba  (Common  Hepatica) .. . 

(w)*Phlox  subulata  (Moss  Pink) 

Lavender : 

(w)  Hepatica  triloba  (Common  Hepatica) . . 
Blue: 

Nepeta  glechoma 

(w)  Phlox  subulata  (Moss  Pink) 

Purple : 

*Aubrietia    deUoidea   var.    grtEca    (Purple' 
Rock  Cress). 
Dwarf  and  eveigreen. 
Saxifraga  cordifolia 


May 


Late  Tulips  b^n  to  bloom  in  the  middle  of 
May.  (See  Bulbs,  page  853.)  Peonies  bloom 
in  late  May  and  June,  in  many  colors; 
the  Chinese  fonns  are  the  best,  from  2  to 
3  feet  high.  (See  Tree  Peonies,  page  840.) 
German  Iris  (Iris  ^ermanica)  also  blooms 
in  May  and  June,  in  all  colors  except  pink 
and  red,  1  feet  high;  also  Pansies  (Viola 
tricolor),  Homed  Violets  ( Viola  cornuta),  and 
Iceland  Poppy  (Papaver  nudicaule).  (See 
Long'bloomtng  Perennials^  page  872.) 
WhiU: 

(vf)*Convallaria  majalis  (Lily  of  the  Valley). 

*Iberis  sempervirens  (Candytuft) 

Evergreen  and  excellent. 

Irisflorentina  (Orris  Root) 

White,  tinted  lavender, 
(w)  Lamiutn  album  (White  Variegated  Nettle). 

Papaver  alpinum  (Alpine  Poppy) 

(w)  PotentiUa  tridentata 

Often  woody  at  the  base. 

SteUaria  holostea  (Easter  Bell) 

Vifua  minor  var.  alba 


Ydlaw: 


Primula  polyantha  (Polyanthus) . . . 
Yellow,  or  mixed  yellow  and  red. 

Sedum  acre  (Stonecrop) 

*TroUius  europaus  (Globeflower).. . . 


Red: 

(vr)*Amiileg:ia  canadensis  (Native  Columbine). 
Red  and  yellow,  mixed. 
Pink: 

Armeria    maritima    (Cushion    Pink,    or 
Thrift). 

^Dicentra  spectabilis  (Bleeding  Heart) 

Red  and  white,  mixed.  Thrives  best  in 
partial  shade.  An  old-fashioned  hardy 
perennial. 


April-May. 
April-May. 
April-May. 

April-May. 

April-May. 
April-May 

April-May. 
April-May 


6  inches 
4  to  6  inches 
6  inches 

4  to  6  inches 

4  inches 

4  to  6  inches 

6  inches 


12  inches 


May-June. 
May 

May 

May-July. 

May-June. 
May-June. 

May 

May 

May 

May-June. 
May-June. 

May-June. 

May-June. 
May-June. 


8  inches 
12  inches 

18  inches 

6  inches 

6  inches 

6  to  8  inches 

12  inches 
6  inches 

8  inches 

2  to  3  inches 
12  to  18 
inches 
18  inches 

6  inches 
li  to  2  feet 
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Height 


May  (canHnued) 
Lavender : 

*Iris  pallida  var.  dalnuUica 

A  beautiful  and  vigorous  form. 
Blue: 

Ajuga  genevensis  (Geneva  Bugle) 

^AquUegia  carulea 

(w)  Houstonia  aerulea  (Bluets) 

Pale  blue, 
(w)  Mertensia  virginica  (Bluebell,  or  Virginia 

Cowslip). 

(w)*Myosotis  palustris  var.  semperflorens.  (See 
Long'blioming  Perennials,  page  872.) 

.  (,w)*Vinca  minor  (Blue  Myrtle) 

An  evergreen  trailing  plant,  excellent  for 
grotmd  cover  in  either  stmlight  or  shade 
There  is  a  white  variety. 

Purple: 

(w)  Erigeron  acris  (Blue  Fleabane) 

*Veronica  rupestHs 

June 

Japanese  Iris  {Iris  kevigata  [=/.  k(Bmpferi\) 
Dlooms  in  June  andjuly  in  many  colors  except 
red,  3  feet  hig^.  The  plants  are  best  grown  m 
water.  (See  ilardy  A  quatic Plants,  page  879.) 
The  flower  is  much  larger  than  that  of  the 
G^man  Iris.  Shasta  Daisy  (Chrysanthe- 
mum), Early  Phlox  {Phlox  suffruticosa), 
and  Poppy  Mallow  (Callirrhoe  involucrala 
var.  linearUoba),  also  b^n  to  bloom  in  June. 
(See  Long-blooming  Perennials,  page  872.) 

While: 

JEgopodium    podagraria    var.  variegatum 

(Variegated  Goutweed). 

A  common  foliage  plant  used  for  edging 

(w)*Aruncus  Sylvester  (See  Spiraa  aruncus,) 

Aster  alpinus  var.  alba 

(See  Blue  for  the  type.) 
Astilbe  japonica  [==  Sp*raa  japonica] . . . 

Cerastium  tomentosum 

Foliage  silvery. 
Chrysanthemum  coccineum  var.  album. . 
The  white  form  of  Pyrethrum.     (See 
Pink  for  the  type.) 

^Clematis  recta 

(w)  Cornus  canadensis  (Bunchberry) 

*DiarUhus  barbatus  (Sweet"  William) 

White,  red,  or  pink. 
Dictamnus    albus  [=  P.  fraxineUa]   (Gas 

Plant). 
^VijjUaHs  purpurea  var.  aiba  (Foxglove) . 
This  variety  is  better  than  the  lavender 
type. 


Last  of  May- 
June 

May- June. . . 
May-June. . . 
May 

May-June... 

May-August. 

May 


May 

May-June. 


June 

June 

June-July 
une 

June-July 

June-July 

June 

June-July 

June-July 

June-July 


2  to  4  feet 

8  inches 
18  inches 

3  to  6  inches 

18  inches 
8  inches 
6  inches 


12  to  18  inches 
4  to  6  inches 


12  inches 


6  inches 

2  to  3  feet 

3  to  6  inches 

2  feet 


2  to  3  feet 
6  inches 
15  inches 

2  to  3  feet 

2  to  3  feet 
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Perennials  in  Order  of  Bloom  {continued) 


Height 


Jime  (continued) 
White  (continued) 

(w)  Erigeron  canadensis  (Horseweed) 

*Gypsophila  repens 

A  creeping  plant,  with  small,  pinkish  white 
flowers  and  narrow,  glabrous  leaves 

Heuchera  sanguinea  var.  alba 

(See  Red  for  the  type.) 

*Lilium  candidum  (Madonna  Lily) , 

*Lycknis  coronaria  var.  alba , 


^Nymphaa  alba  var.  candidissima  (Water 

Lily). 
NymphcBa  odorata    (Native  White    Pond 

Lily). 

*Papaver  orientale  (Oriental  Poppy),  Silver 
Queen  variety. 

(See  Red  for  the  type.) 
Pyrethrum.  (See  Chrysanthemum  coccineum 
var.  album.) 
iyr)*Spif<ea  aruncus  l=Aruncus  Sylvester]. . . 
SpirtBa  japonica,    (See  A  stilbe  japonica,) 
Yellow: 

Achillea  tomentosa  (Woolly  Yarrow) 

*Anthemis  Hnctoria  var.  kelwayi   (Golden 

Marguerite). 
*Aquilegia  chrysantha  (Yellow  Columbine) . 

*  Coreopsis  lanceolata  var.  grandiflora 

BloOm  abimdant.    Growth  vigorous. 

Hemerpcallis  flava  (Lemon  Lily) 

Iris  p^eudacorus  (European  Yellow  Flag). . 

(w)  Iris  versicolor  (Native  Blue  Flag) 

Purple,  marked  with  white  and  yellow. 
(See  under  Purple.) 

Linaria  vulgaris  (Butter  and  E^s) 

A  bad  wc«d,  naturalized  from  Europe. 

Lysimdchia  nummularia  (Moneywort) 

Nymphcea  [=   Nuphar]   advena  (Spatter- 
dock,  pT  Yellow  Water  Lily.) 
CEnothera  biennis  var.  grandiflora  l=CE.  la- 
markiana]  (Lamark's  Evening  Primrose) 
CEnothera    missouriensis    (Missotui    Eve- 
ning Primrose). 
Orange : 
(w)  Hieraceum    aurantiacum   (Hawkweed,  < 
Devil's  Paintbrush) 
A  bad  weed,  naturalized  from  Europe. 


(w) 


(w) 


Red: 


*  Chrysanthemum  coccineum  var.  rubrum 

A  red  form  of  Pyrethrum.    (See  Pink 
for  the  type.) 
*l>ianthus   barbatus    (Sweet   William) . . 
Dianthus  plumarius.  Napoleon  III  variety 
(Napoleon  III  Pink). 


June- August. . 
une 


June-September. 


June-July. 
June-July . 


June-August . . 
June-August.. . 
June 


June-July. 


June-July 
une- September 

June- August 

June- August. . . . 


June-July . 

June 

June 


Jime-September. 

June 

June-August — 

June- August 

June-August 

June-September  . 

June-July 

uly. ..  .",.• 
ugust... . 


June-July 
une-A 


2  to  3  feet 

3  to  6  inches 


15  inches 

3  to  5  feet 
18  inches  to 
2  feet 


3  feet 


4  to  6  feet 


6  to  9  inches 

2  to  3  feet 

3  to  4  feet 
2  feet 

2  to  3  feet 
2  to  3  feet 
2  to  3  feet 


1  to  2  feet 
4  inches 

4  to  5  feet 
12  inches 

12  to  18  inches 

2  feet 


15  inches 
12  inches 
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Season 

Height 

June  (continued) 
Red  {continued) 

*Heuchera  sanguinea  (Coral  Bdls) 

Brilliant  red. 
^Lychnis  coronaria 

June-September. 
TuoG-Tulv  - 

15  inches 
18  inches  to 

Papaver  orientale  (Oriental  Poppy) 

Intense   crimson. 
Pyrethnim.  (See  Chrysanthemum  coccineum 

var.  rubrum.) 

Pink: 

^Chrysanthemum   coccineum  [=  Pyrethrum 
roseum]. 

*Dianthus  barbatus  (Sweet  William) 

(w)  Dicentra  eximia 

■ 

J 

J 

J 

1 

[une 

2  feet 
3  feet 

2  feet 

15  inches 
18  inches 

une-July 

une-July 

une-July 

[une 

Has  a  graceful  habit  and  finely  cut  foliage. 
*Gv{>so^>htla  rei>ens 

3  to  6  inches 
3  feet 

A  creeping  plant,  with  small,  pinkish 
white    flowers  and  narrow,  glabrous 
leaves. 
Nymphaa  odorata  var.  rosea  (Cape  Cod 

Water  Lily). 
Papaver  orientale  (Oriental  Poppy),  Blush 
Queen  variety. 
♦Pyrethrum.  See  Chrysanthemum  cocineum.) 
(w)  Spiraa    lobata    [=  Ulmaria    rubra     var. 
venusta]    (Queen  of  the  Prairie). 
Lopender: 

Digitalis  purpurea  (Foxglove) 

[une-July 
fune 

fune 

3  to  4  feet 
2  to  3  feet 
2  to  4  feet 
6  inches 

Fune-Tulv 

Pink-lavender;  not  so  effective  as  the 
white  variety. 
Iris  pallida  var.  dalmatica 

I^flst  of  Mav— 

Clear  blue-lavender. 

Blue: 

Aster  al'tinus 

1 

June 

fune 

Delphinium  datum 

une-August 

une-July 

une-July 

lune 

4  to  6  feet 
2  to  3  feet 
I  to  2  feet 

*  Delphinium  formosum  (Oriental  Larkspur) . 
(w)  Lupinus  perennis  (Wild  Lupine) 

Purfde: 

Campanula  macrantha 

1 

4  feet 
2  to  3  feet 

2  to  3  feet 

I  to  2  fett 

Dictamnus  albus  [=  D.fraxineUa]  var.  rubra 
Rosy  purple. 

(w)  Iris  versicolor  (Native  Blue  Flag) 

Purple,  marked  with  white  and  yellow. 
*Pentstemon  diffusus  (Beard tongue) 

[une-July 

lune 

fune 

July 

Hollyhocks    (Althaea),    Gladiolus,    and   Late 
Phlox  (Phlox  paniculata  [==P.  decussata]), 
begin   blooming  in  July,  in  many   colors. 
(See  Many-colored  Perennials,  page  872.) 
.  White: 

*Bocconia  cordata  (Plume  Poppy) 

rnlv-Ationicf 

5  to  8  feet 
9  inches 

^Campanula  carpatica  var.  a&a 

July-August 
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Perennials  in  Order  of  Bloom  (continued) 


Height 


July  (continued) 
White  (continued) 

^Campanula  pyramiddlis  var.  aJba 

(w)  Galax  aphyUa 

Has  evergreen  leaves,  bronzing  in  winter. 
Is  much  used  in  floral  decorations. 
Not  hardy  in  all  parts  of  the  State. 

GyPsophila  cerastioides 

A  creeping  plant,  with  large,  pinkish 
white  flowers  (often  J  inch  across)  and 
broad,  downy  leaves. 
^GypsofhUa  paniculata  (Baby's  Breath) . . . 
Pinkish  white. 

*Lilium  brownii 

White  within,  rosy  violet  without, 
(w)  Pkysostegia  virginiana  (False  Dragonhead) 
White,  pink,  or  ptirple. 
Platycodon  grandiflorum  var.  album  (Bell- 
flower,  or  Balloonflower). 
Stokesia  cyanea  var.  alba  (Stokes'  Aster) . . 
(See  Blue  for  the  type.) 
YeOow: 

(w)  *Cassia  marylandica  (Wild  Senna) 

(w)*Helianthus   mollis    (Perennial  Sunflower) 
Growth  vigorous. 
Rudbeckia  lcu:iniatavax,flore  plena  (Golden 
Glow).  ^ 

Growth  rank.  Used  too  much.  Color  a 
crude  yellow. 

(w)  Rudbeckia  speciosa  (Coneflower) 

Yellow,  with  a  brown  center. 

(w)  Rudbeckia  triloba 

(w)  Silphium  laciniatum  (Compass  Plant) 

Rank  in  growth,  like  Golden  Glow,  but 
flowers  a  better  yellow. 

(w)  Solidago  canadensis  (Goldenrod) 

(w)  Solidago  juncea  (Goldenrod) 

Flowers     in     panicles.      Root     leaves 
present,  large  and  abundant. 
Orange: 

(w)  Asclepias  tuberosa  (Butterfly  Weed) 

(w)*Lilium  tigrinum  (Tiger  Lily) 

Orange,  spotted  purple. 
Red: 

*  Achillea    millefolium    var.  rubrum    (Red 

Yarrow). 

Pentstemon    barbcUus    var.    torreyi    (Red 
Beardtongue). 
Pink: 

Gypsophila  cerastioides 

A   creeping  plant,  with   large,  pinkish 
white  flowers  (often  }  inch  across)  and 
broad,  downy  leaves. 
Cw)*Physostegia  virginiana  (False  Dragonhead) 
(w)  Sedum  stoloniferum  (Purple  Stonecrop) . . 
Purplish  pink. 
Spireea  palmata  [=^  Ulmaria  purpurea] . . 


{uly-August 
uly 


Jaly. 


July-August. . . 
July-August. . . 

July 

July-September 
July-September 

July-August. . . 
uly-August . . . 

Jtily-August 


July-August 

July-August 
uly-September. 


Tuly-August . . . 
July- August. . . 


Jtily-August. . . . 
uly-August. .. . 

July-September . 
July-August. . . . 

July 

July 


4  to  6  feet 
6  inches 


3  to  6  indies 

2  to  3  feet 

4  feet 

1  to  3  feet 

2  to  3  feet 
18  inches 


3  to  4  feet 

4  to  5  feet 

6  to  8  feet 


2  feet 

3  to  4  feet 
5  to  6  feet 


3  to  5  feet 
3  to  5  feet 


I  to  2  feet 
4  to  5  feet 


3  feet 

4  to  5  feet 

3  to  6  indies 


I  to^feet 

6  indies 

3  to  4  feet 
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Season 


Height 


Jnly  (conHnued) 
Rose  or  rose-purpU : 

{yi)*Asclepias  incamata 

Liatrts  elegans 

Lythrwn  saUcaria  var.  rosetm  superbum 
(Purple  Loosestrife). 
Blue: 

Aconitum  autumnale 

Deep  blue. 
^Campanula  carpaUca  (Carpathian  Bluebell) 

Deep  blue. 
^Campanula    pyramidaUs    (Steeple    Bell- 
flower). 
*PkUycodon   grandiflorum    (Bellflower,    or 

Ballooaflower). 
*Stokesia  cyanea  (Stokes'  Blue  Aster)  . . . 
Purple: 

(w)  *PhysosUeia  virginiana  (False  Dragonhead) 
(w)  PonUdena    cordaia    (Pickerel    Weed)... 
(See  Hardy  Aquatic  Plants,  page  879.) 
iLugust 

*Dahlias  bloom  in  August  and  through  October, 
(See  Many-colored  Perennials,  page  872.) 

White: 

Chrysanthemum  [=:Pyrethrum]  uliginosum 
(Giant  Daisy). 
(w)  Eupatorium  perfdliatum  (Boneset) 


*Funkia  subcordata  (Day  Lily) . . 
An  excellent  plant  for  foliage. 

(w)*Hibiscus  moscheutos 

(White  to  rosy  pink.) 
LiUum  specibsum  var.  idhum ... 


(w)  CEnothera  speciosa  (Showy  Evening  Prim- 
rose) 
Polygonum    sieboldii    [=P.   cuspidatum] 
(Giant  Knotweed). 

Note. —  Buyers  should  be  sure  to  get 
P.  sieboldii,  not  P.  sachdlinense,  which  is 
lairger  and  of  very  rank  growth,  spread 
ing  rapidly  and  t>eing  almost  impossible 
to  eradicate. 

Polygonum  sieboldii  var.  compactum 

Ydlow: 

(w)  Helenium  autumnale  var.  superbum 

Flowers  golden  yellow, 
(w)  Helianthus  rigidus,  Miss  Mellish  variety . 

(w)  Rudbeckia    subtomentosa    (Sweet    Cone- 
flower). 

(w)  Solidago  (Goldenrod): 

Note. —  For  early  Goldenrods,  see 
under  July,  page  886;  for  late,  see  imder 
September,  page  889 


July-August 

July-August 

July-August 


July-September. 

July-August 

July-August 

July-September. 
July-September . 


July-^ 


-August. . 


August- 
September 

August- 
September 

August- 
September 

August- 
September 

August- 
September 

August- 
September 

August- 
September 


August- 
September 

August- 
September 

August- 
September 

August- 
September 


3  feet 
2  to  3  feet 
5  to  7  feet 


4  to  5  feet 
12  to  15  inches 
4  to  6  feet 
2  to  3  feet 
18  inches 

1  to  3  feet 

2  to  4  feet 


4  to  5  feet 
4  to  5  feet 
18  inches 

4  to  6  feet 

3  to  4  feet 

18  inches  to 
2  feet 

5  to  6  feet 


18  inches 

4  to  6  feet 
4  to  6  feet 
4  to  5  feet 
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Height 


Aiignst  (continued) 
Yellow  (continued) 

S.  oBsia, 

5.  lanceolata 

Flowers  in  flat-topped  clusters.    Root 
leaves  present. 
S,  nemoraUs 

Good  in  poor  gravelly  soil. 
S.  rigida 

S,  sempervirens 

Root  leaves  present. 

S,  virgaurea  var.  nana 

Low  and    compact.       Root    leaves 
present. 
Orange: 

*LiUum  henryi 

(w)  Rudbeckia  fulgida 

Grows  in  partial  shade. 
Red: 

*Kniphofia  [=   Tritoma]    pfitseri    (Flame- 
flower). 

(w)  *LobeUa  cardinalis  (Cardinal  Flower) 

For  a  moist  and  shady  location. 
Pink: 

(w)  ^Hibiscus  moscheutos 

White  to  rosy  pink. 
*Lilium  speciosum  vars.  roseum  and  rubrum 
Lavender : 

(w)  *Boltonia  laiisquama  (False  Camomile) . . . 
Pinkish  lavender.    There  is  a  variety 
nana,  2  feet  high. 
Blue: 

(w)  ^Lobelia  syphilitica 

Rosy  purple : 

(w)  Ltatris    pycnostachya    (Blazing    Star,    or 
Gay  Feather). 
Purple : 
(w)* Aster    nov(B-angli(B  (New  England  Aster). 

Violet-purple  to  rosy  purple. 
(w)  Eupatorium  purpureum   (Joe-pye  Weed) 

*Statice  latifolia  (Sea  Lavender) 

*  Veronica  longifoUa  var.  subsessilis  (Speed- 
well). 

Deptember 

The  hardy  old-fashioned  ♦Button,  or  Pompon, 
Chrjrsanthemums,  in  many  colors,  begin 
blooming  in  September  and  continue  through 
October  and  into  November.  They  reach 
a  height  of  from  2  to  3  feet. 


August- 
September 

August- 
September 

1}  to  2  feet 
3  to  5  feet 

August- 
September 

August- 
September 

August- 
September 

August- 
September 

12   to   18 

inches 
2  to  3  feet 

4  to  6  feet 

15  inches 

August- 
September 

August- 
September 

4  to  5  feet 

18  inches  to 
2  feet 

August- 
September 

August- 
September 

3  to  4  feet 
2  to  3  feet 

August- 
September 

August- 
September 

August- 
September 

4  to  6  feet 
3  to  4  feet 
4feet 

August- 
September 

2  to  3  feet 

August- 
September 

4  to  5  feet 

August- 
September 

August- 
September 

August 

4  to  6  feet 

5  to  6  feet 
1}  to  2  feet 

August- 
September 

2  to  3  feet 
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Season 


Height 


September  (continued) 

White: 

*  Anemone  japonica  (Japanese  Windflower) . 

(w)  Aster    cordifoUus 

White  to  rosy  lilac, 
(w)  BoUonia  aster  otdes 

White  to  lavender. 
Yellow: 
(w)  HeUanthus  giganteus  (Giant  Sunflower) . . 

Helianthus  orgyalis  (Narrow-leaved  Sun- 
flower), 
(w)  Solidago  altissima  (Goldenrod) 

Solidago  speciosa  (Goldenrod) 

Red: 

*  Anemone  japonica  (Japanese  Windflower) . 

Rosy  pink : 

*  Anemone  japonica  (Japanese  Windflower). 
Lavender -pink: 

*Sedum  spectahUe  (Showy  Stonecrop) 

One  ot  the  very  best  Sedums.     Grows  in 
ordinary  garden  soil. 
Laverider: 

(w)  Aster  cordifoUus 

White  to  rosy  lilac. 

(w)  BoUonia  asterotdes 

Blue: 

(w)  Aster  Uans  (Smooth  Aster) 

Light  blue. 
Ceratostigma  plumbaginoides  (Hardy  Lead- 
wort). 
Light  blue. 

Clematis  stans 

Light  blue. 
Purple : 
(w)  *Aster  patens 


September- 
October 

September^ 

October 

September- 
October 

September^ 

October 

September- 
October 

September- 
October 

September- 
October 

Septembeiv 

October 

September- 
October 

September- 
October 


September- 
October 

Septembeiv 

October 

September- 
October 

September- 
October 

September 


September- 
October 


2  to  4  feet 

4  to  5  feet 

5  to  7  feet 

6  to  10  feet 

8  to  10  feet 

7  to  9  feet 

3  to  4  feet 
2  to  4  feet 

2  to  4  feet 
18  inches 

4  to  5  feet 

5  to  7  feet 

3  to  4  feet 

9  inches 

4  to  5  feet 
18  inches 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


^  TABLE  OF  COITTBNTS 

PAGE 

Part   I.     Arrangement  of  the  home  grounds ^ 779 

The  hooae 780 

Location ." 780 

Type  of  honae 78s 

Roads  and  walks 787 

Other  surroundings 789 

Grading  and  planting 79i 

Improving  the  outlook 794 

Nature  of  plantings 798 

Selection  of  trees 799 

Keeping  plantings  in  character 80a 

The  use  of  shrubs 805 

Flower  gardens 806 

The  dooryard 808 

Conclusion 808 

Part  n.     Plants  for  the  home  grounds 811 

Mass  planting,  trees  and  shrubs 811 

Specimen  trees 811 

Ponnal 811 

Graceful 812 

Picturesque 8x3 

Conical  or  vertical  trees  for  emphasis 813 

Rapid-growing  trees 814 

Street  trees 814 

Bad  street  trees 814 

Good  street  trees 8iS 

Hedge  plants 817 

Shrubs 817 

Evergreen  shrubs 817 

Rhododendrons 818 

Lilacs 819 

Garden  roses  for  New  York  State 819 

Berry-bearing  shrubs 820 

Vines  with  attractive  fruits 821 

Woody  plants  with  fruits  attractive  to  birds 822 

Woody  plants  with  good  autumn  color 823 

Shrubs  bearing  attractive  twigs  through  the  winter 825 

Deciduous  shrubs  for  foliage 82S 

A  selected  list  of  seventy-five  deciduous  shrubs 827 

Woody  plants  in  order  of  bloom 83S 

Vines 849 

Vines  for  brick  and  stone 849 

Vines  for  foliage 849 

Flowering  vines 850 

Rapid-growing  vines  for  quick  effects 851 

Tall-growing  vines  reaching  eaves  of  house 851 

Onick-growing  woody  plants  for  banks 851 

Low  woody  plants  for  ground  cover 852 

Low  woody  plants  for  rock  garden  or  small  edging 853 

Woody  plants  enduring  shade 8s4 

Woody  plants  enduring  dry  soil  in  sunlight 8sS 

Woody  plants  enduring  wet  soil 856 

A  new  nursery  list 8s7 

Deciduous 8s7 

Evergreen 858 

The  lawn 860 

Preparation  of  the  lawn 860 

Grasses  for  different  purposes 861 

Enemies  to  lawns 862 

[891] 


Digitized  by  VjOOQIC 


892  Bulletin  361 

PAGE 

P&rt  IL     Plants  for  the  home  groonds  {continued) 

Bulbs,  annuals*  and  herbaceous  perennials 862 

Bulbs 863 

Annuals 864 

Herbaceous  perennials 866 

Massive  background  perennials 866 

Good  foliage  i}erennial8 866 

Narrow  upright  perennials 868 

Low  perennials  for  edging  or  ground  cover 869 

Rock  garden  perennials 870 

Long-blooming  perennials 871 

Many-colored  perennials 872 

Other  favorite  perennials  for  flowers 873 

Tall  grasses  and  other  i>erennials  for  bold  foliage  effects 874 

Perennials  enduring  shade 875 

Perennials  enduring  poor,  dry  soil 877 

Hardy  aquatic  plants 878 

Perennials  in  order  of  bloom 881 

Table  of  contents 891 

Index  of  plants 893 


Digitized  by  VjOOQ IC 


INDEX  OF  PLANTS 

(Two  accents  are  used  in  this  index  to  indicate  the  accented  syllable  and  the  pronunciation.     The  grave 
accent  C)  indicates  the  long  sound  of  the  vowel,  the  acute  accent  (0  the  shortened  sound.) 

PAGB 

Aaron's  Beard.    See  Hypericum. 

Abies  (Fir)  .    . 

brachyi>h^l]a  [=  A.  hom61epis] 858 

c6noolor  (Silver,  or  White,  Fir) 813 

frikseri  (Prascr's  Fir) 813 

hom6Iepi8.    See  A.  brachyph:^lla. 

nordmanni^Lna  (Nordmann's  Pir) 813 

Acacia.  Rose.    See  Robfnia. 

Acanthop^nax  pentaph^Ilum.    See  Ar&lia  pentaph:^Ila. 

Acer  (Maple) 

dasycirpum.    See  A.  saccharinum. 

ginniila  (a  form  of  Tartarian  Maple) , 8x3,  823 

negdndo  (Box  Elder,  or  Ash-leaved  Maple) 814,  815 

pennsylv^icum  (Striped,  or  Goosefoot,  Maple,  or  Moosewood) 811,  825,  855 

platano)des  (Norway  Maple) 811,  815.  824,  838 

paeCtdopUtanus  (Sycamore  Maple) 815 

riibrum  (Red,  or  Swamp,  Maple) 811,812,  823,  836,  857 

8acchar)num  [=  A.  dasycirpuml  (Silver,  Soft,  or  White  Maple) 814,  8x5,  836 

s4ccharum  (Sugar,  Hard,  or  Rock  Maple) 8x1,  812,  8x4.  8x5,  8x6,  823,  838 

siccharum  var.  monument^e  (Upright,  or  Pyramidal,  Sugar  Maple) 8x4,  857 

spicJLtum  (Mountain  Maple) 85S 

tat^cum  (Tartarian  Maple).    See  A.  ginnkla. 

Achilla 

millef61ium  var.  nibrum  (Red  Yarrow) 877,  886 

pt^Lrmica,  The  Pearl  var 871,  877 

tomentdsa  (Woolly  Yarrow) 869.  877.  884 

Aconite,  Autumn.    See  Aconitum. 

Aconite,  Winter.    See  Erinthis. 

Aconltum  autumnjde  (Autuxxm  Aconite,  or  Monkshood) 868,  875.  887 

Acorus  cilamus  (Sweet  Flag) 878 

Actinidia  argilta 850,  851 

Adam's  Needle.    See  Ydcca. 

Adder's-tongue.    See  Brythr^ium. 

Adidntum  pedAtum  (Maidenhair  Pern) « 876 

Ad6nis  amur6nsis  (Bird's-eye) 870,  88x 

i£gop6dium  podagriLria  var.  vaneg&tum  (Variegated  (joutweed) 869.  883 

ifesculus 

cornea  [=  .As.  mbicdnda]  var.  bri^tii  (Red-flowered  Horse-chestnut,  or  Buckeye) 8xx,  842,  857 

gUkbra  (Ohio  Buckeye) 843 

hippodLstanum  (Horse-chestnut) 8xx,  8xs.  824,  841 

octdndiB 843 

parvifl6ra  [=  P&via  macrostlichya]  (Dwarf  Buckeye) 839t  847,  857 

rubiclinda.    See  Me.  cdmea. 

Ager&tum  (Floss  Flower) 864 

AgnSstis 

ilba  [=  A.  vulgaris]  (Redtop) 863 

ilbsk  var.  max^tima  [=  var.  stolonifera]  (Creeping  Bent  Orass) 863 

Alba  var.  vulgiiris  [=  var.  canlna]  (Rhode  Island  Bent  Grass) 863 

vulgaris.    See  A.  Alba. 

AiUnthus  glanduldsa  (Tree  of  Heaven) 8x4,  8x5t  8x6,  853.  8s4t  856 

Aji^a  genevAnsis  (Geneva  Bugle) 869t  87St  883 

Ak^bia  quinAta 850 

Alder.    See  Alnus. 

Almond,  Flowering.    See  Prftztua.  .    . 

AUius  (Alder) 836 

incAna  (Speckled  Alder) 8ix,  855,  857 

Althi^  r6sea  (Hollyhock) 868.  872,  88$ 

Althaea.  Shrubby.    5«e  HibiicoB. 

[893I 
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Alburn 

mailtixnain 864 

saz&tile  (Golden  Tuft) 869.  877,  881 

Amardnthus 

caudJ^tus 865 

tpeci68U8 865 

Amelinchier 

casad^nsig  (Shadbtuh,  or  Jtineberry) 8iz.  833.  837.  855 

Ufcvis  (ShadbuBh.  or  Juneberry) 811,  837,  855 

oblongif61ia  [=  A.  oboviJis] 837 

obov^lis.     See  A.  oblongif61ia. 

sanstdnea 839 

American  Aah.     See  Prixinus. 

American  Mountain  Ash.    See  S6rbu8. 

Amm6phila  arenlLria  (Beach  Oraia) 869 

Am6Tpha 

can^acens  (Lead  Plant) 827,  847 

frutic68a  (False,  or  Bastard.  Indigo) 846 

Ami>el6psis  [=  Parthenodssus] 

beteroph^lla 8ai 

quinquef61ia  (Pive-leaved  Ivy.  Vixginia  Creeper,  or  Woodbine) 8a  i,  832.  823.  849.  855 

tricuapidita.    See  A.  v^itchlL 

v^tchii  [=  A.  tricuspidita]  (Boston  Ivy,  or  Japanese  Ivy) 822,  823,  849 

An4charis  [=  Blod^.  or  Phi]6tria]  canadensis  (Water  Weed) 880 

Andr6meda  (=  Pi^ris]  floribdnda .•. .  .817.  837 

Andr6meda  [=  Pi^ris,  or  Ly6nia]  mari^tna  (Staggerbush) 843 

Andr6meda  [=  Zen6bia] 

specidsa 845 

speddsa  var.  pulverul6nta 845 

Andromeda,  Tree.    See  Ozyd6ndrum. 

Anem6ne 

jap6nica  (Japanese  Anemone,  or  Windflower) 867.  875.  889 

ranunculoidea  (Yellow  Wood  Lily) 87s.  881 

Anthemis  tinct^ria  var.  k^lwayi  (Golden  Marguerite) 871.  877.  884 

Antirrhinum  (Snapdragon) 864 

Apple.    See  P^rus. 

Aquil^ia 

csriilea 867,  870.  883 

canadensis  (Native  Coltunbine) 875.  882 

chrysdntha  (Yellow  0>lumbine) 867.  870,  884 

Arabia  Albida  (Rock  Cress) 869.  881 

Ar&lia  pentaph^lla  [=  AcanthopiUiax  pentaph^llum]  (Pive-leaved  Aralia) 824,  826,  829 

Arbor  Vitee.    See  Thdya. 

Arbutus,  Trailing.     See  Epigifea. 

Axctostdphylos  Clva-tirsi  (Bearberry) 853.  8s8 

AristoI6chia  macroph^lla  [=  A.  dpho]  (Dutchman's  Pipe) 850,  8$i 

Armaria  maritima  (Cushion  Pink,  or  Thrift) 869.  882 

Artnia  [=  P^rus] 

arbutif61ia  (Red  Chokeberry) 820,  822,  823.  825,  827,  841,  856.  8s7 

nigra  (Black  Chokeberry) 820,  822,  823,  82s.  841.  856 

Arrow  Arum.    See  Peltindra. 

Arrowhead.     See  Sagitt^ria. 

Arrowwood.    See  Vibdmum. 

Arum,  Arrow.    See  Peltdndra. 

Arum,  Water.    See  Cilia. 

Ardncus  Sylvester.    See  Spired  artincus. 

Arundinkria  jai)6nica  Gapanese,  or  Evezgreen,  Bamboo) 858.  874,  879 

Ardndo  d6nax  (Giant  Reed) 874.  .879 

Asd^pias 

incamlita  (Swamp  Milkweed) 879.  8S7 

tttberAaa  (Butterfly  Weed) 873,  877,  886 

Ash.    See  Frdxinus. 

Ash,  Mountain.    See  Sdrbus. 
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Aspen.    See  P6pulu8. 

Aspldium  [=  Pol^stichuffl]  acrosticholdes  (Christmas  Pern) 876 

Aspl^ium 

ebenkun  (Ebony  Spleenwort) 871.  87s 

filix-fo£xnina  (Lady  Pern) 876.  880 

Aster 

alpinus 871,  88s 

alpinus  var.  41bua.    (See  note  at  end  of  index.) 871,  883 

cordif6Uua 879,  889 

la^vis  (Smooth  Aster) 873.  889 

n6v8B-4ngliK  (New  England  Aster) 866,  879.  888 

pJLtens 87s.  889 

Aster.  Chixui,    See  CallSstephns. 

Aster,  Stokes*.    See  Stokisia. 

Astflbe  japdnica  [=  Spiral  japdnica] 867.  883 

Aubriitia  deltoidea  var.  gnbca.  (Purple  Rock  Cress) 869.  88a 

Autumn  Aconite.    See  Aconitum. 

Asalea 8ss 

(See  also  Rhododendron.) 

Baby's  Breath.    See  Gyp«6phila. 

Bdccharis  halimifdlia  (Grotmdsel  Tree) 849.  858 

Bachelor's  Button.     See  Ontaur^. 

Balloonflower.    See  Platyc6don. 

Balsam -865 

Bamboo,  Japanese,  or  Bveisreen.    See  Arundtnikria. 

Barberry.    See  B^beris. 

Baaswood.    See  Ttlia. 

Bastard  Indigo.    See  Am^rpha. 

Bayberry.    See  Myrica. 

Bay,  Sweet,  or  Swamp.    See  Magnolia. 

Beach  Grass.    See  Amm6phi]a. 

Beach  Plum.    See  Prilnus. 

Bean,  Scarlet  Runner.    See  Phas^lus. 

Bearberry.    See  Arctost^phylos. 

Beardtongue.     See  Pentst^on. 

Beech.    See  P^gus. 

Beech,  Blue.     See  Carplnus. 

Bellflower.    See  Platycddon. 

B^Uis  per6nnis  (English  Daisy) 873,  881,  88a 

Benzoin  aestiv^  [=  B.  odoiiferum]  (Spicebush) 8xx,  822,  836.  855,  857 

B^beris 

sargentiina 858 

thdnbergis  Qapanese  Barberry) 817.  820,  822.  823,  825,  827,  838 

verruciddea 858 

vulgaris  (Conunon  Barberry) 820,  82a,  826,  829,  84a,  85a,  854 

B^ula  (Birch) 814,  815,  824 

ilba.    See  B.  p6ndula. 

Itota  (Black,  or  Cherry.  Birch) 811,  82a 

Ititea  (Yellow  Birch) 8aa 

nigra  (Red.  or  River,  Birch)  .* 811,  812^  8aa,  8as,  857 

papyrlfera  (Paper,  or  Canoe.  Birch) 822,  825 

p6ndula  (While  Birch) 822 

(Pormerly  called  B.  alba.    This  is  native  to  Europe  and  Asia,  but  is  the  most  commonly  planted 
White  Birch  in  America.     It  occurs  in  many  varieties,  narrow  and  upright  as  well  as  pen- 
dulous, with  leaves  green  or  purple  and  deeply  cut.) 
popu]if6lia  (Gray,  or  American  White,  Birch) 82s 

Bigni6nia.    See  T^coma. 

Bi6ta.    See  Thiiya  orientiLlis. 

Birch.    See  B^tula. 

Bird's-eye.    See  Ad6niB. 

Bittersweet.     See  SoUknum. 

Bittersweet,  (Climbing.    See  CeUstrus. 

Blackberry.    See  Riibus. 
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Blackcap.    See  R^has. 

Black-eyed  Susan.    See  Rudbtekis. 

Black  Gum.    See  N^ssa. 

Black  Haw.    See  Vibtinium. 

Black  Locust.    See  Robfnia. 

Black  Walnut.    See  Juglans. 

Bladder  Senna.    See  ColCltea. 

Blanket  Flower.    See  Gaillirdia. 

Blazing  Star.    See  Liitris. 

Bleeding  Heart.     See  Dic^ntiB. 

Blue  Beech.    See  Caipinns. 

BluebelL    See  Mert^nsia  and  ScfUa. 

Bluebell,  Carpathian.    See  Campanula. 

Blueberry.    See  Vacrfnium. 

Blue  Flag.    See  Iris. 

Blue  Pleabane.    See  Erigeron. 

Blue  Grass.    See  Pda. 

Bluet.    See  Houstdnia. 

Bocc6nia  cordAta  (Plume  Poppy) 866,  874,  885 

Bolt^nia 

asteroides 866,  879.  889 

latisqu&ma  (False  Camomile) 873,  879.  888 

Boneset.    Su  Eupat6rium. 

Boston  Ivy.    See  Amx>el6psi8. 

Boussingatiltia  baselloides  (Madeira  Vine) Ssx 

Bower,  Virgin's.    See  Clematis. 

Box.    See  Bdzus. 

Box  Elder.    See  Acer. 

Bridal  Wreath.    See  Spinfea. 

Broom.    See  C^isus. 

Bryinthus.     See  Phyllddoce. 

Buckeye.     See  ifisculus. 

Buckthorn.    See  Rhimnus. 

Btiddleia  variabilis  [=  B.  davldii]  var.  magnifica  (Summer  Lilac) 827,  849.  857 

Buffalo  Berry.    See  Sheph^rdia. 

Buffalo  Currant.    See  Rlbes. 

Bunchberry.    See  C^mus. 

Butdmus  tmibelUtua  (Flowering  Rush) 879 

Butter  and  Eggs.     See  LinlLria. 

Butterfly  Flower.     See  Schizdnthus. 

Butterfly  Weed.    See  Asd^ias. 

Butternut.    See  Ji^lans. 

Buttonbush.    See  CephaUnthus. 

Biixus 

jap6nica  (Japanese  Box) 817.  858 

semp6rvirens  (Box) 817 

Cacilia  atirea  [=  Emilia  fldmmcal  (Tassel  Flower) 864 

California  Poppy.    See  Eschsch^ltzia. 

C^Alla  paliistris  (Water  Arum) 879 

C^li6p6is.    See  Core6p6i8. 

CallirhoA  involucrdita  var.  lineariloba  (Poppy  Mallow).     (See  note  at  end  of  index.) 872,  883 

CalMstephus  hortfesis  (China  Aster) 865 

Calliina  vnlgJLris  (Scotch  Heather) 848,  8s3.  858 

CAltha  paldstris  (Marsh  Marigold) 879.  881 

Camomile,  False.    Su  Bolt6nia. 

Campanula 

carpAtica  (Otfpathian  Bluebell) 869,  887 

carpAtica  var.  dlba 869.  885 

macrdntha •  • . .  87s.  88s 

pyramidAlis  (Chimney  Plant,  or  Steeple  Bell) 868,  887 

pyramididis  var.  ^ba 868,  886 

Candleberry.    See  Myiica.  ^ 

Candytuft.    5m  Ib^ri^ 


Digitized  by  VjOOQ IC 


The  Home  Grounds  897 

PAGE 

Canna 868 

Can«^na  frut^scens  (Pea  Tree) 84a 

Cardinal  Flower.    5m  Lobelia. 

Cirex  (Sedge) 

l^lrida 879 

Tulg&ris 879 

Carpathian  Bluebell.    Su  Campdnula. 

Carpinus  (Ironwood,  or  Hornbeam) 811 

b^tultia  (European  Hornbeam) 817,  855 

caroliniiina  (American  Hornbeam,  Ironwood,  or  Blue  Beech) 817.  833,  855 

C^rya  [=  Hicftria)  (Hickory) 815.  824 

ovita  (Shagbark  Hickory) 811,  8ia 

Cdasia  maryUndica  (Wild  Senna) 877.  886 

CastJllia.    See  Nymphi^ 

Casliinea  americiina  [=  C.  dentlita]  (Chestnut) 815.  834,  846 

Ottilpa  speci6sa  (Hardy,  or  Western.  Catalpa) 815.  824.  846 

Cat-tail  Ruah.    See  Th>ha. 

Cean6thu8  americinus  (New  Jersey  Tea) 846,  855 

CedATt  Chinese.    See  Junipenis. 

C^edar.  Red.    See  Junipenis  and  ThClya. 

Cedar.  White.    See  Thiiya. 

Cedar,  Yellow.     See  Chanuecfparis. 

CeUstrus  sdLndens  (Climbing  Bittersweet) 8ai.  8a4,  850,  851.  854 

Olery.  Wild.    See  VallisnWa. 

C^ltia  ocddcntlOis  (Hackberry) 816,  8a2,  856 

Centaur^  c^anus  (Bachelor's  Button) 864 

Cephalinthua  occidentklis  (Buttonbush) 857 

Or^stium  tomentdeum 869.  883 

Ceratoetigma  plumbaginoldes  (Hardy  Leadwort) 869.  889 

Orcidiph^Iltmi  japdnicum.     (See  note  at  end  of  index.) 8ix 

Carets  canadensis  (Redbud,  or  Judas  Tree) 83a.  839.  855 

C^hsnom^les.    See  Cyd^ia. 

ChanuBcfparis  nootkat^nsis  (=  C.  nutcha6nsis]  (Yellow  Cedar,  or  Nootka  Cypress) 858 

ChanuDC^paris  [=  Retindspora]  (Japanese  Cypress) 817 

fiUfenu    See  C.  pisifera  var.  fiUfera. 

obtt^ 8ia.  858 

pisifera ' 8ra,  859 

pisifera  var.  filffera  (Weeping  Japanese  Cypress) 8ia 

pisifera  var.  plumdea 8xa 

pisifera  var.  squarr^sa 8xa 

plumdsa.     See  C.  pisifera  var.  plumdsa. 
squarr6sa.    See  C.  pisifera  var.  squarr6sa. 

Checkerberry.    See  Gatilth^ria. 

Cherry.    See  Prilmua. 

Cherry  Birch.    See  B^tula. 

Cherry.  Cornelian.     See  Cdmtit. 

Chestnut.    See  Castinea. 

Chestnut.  Horse.    See  i^sculus. 

Chimiphila  umbeUilta  (Prince's  Pine,  or  Pipsissewa) 853 

Chimney  Plant.    See  Ounpdnula. 

China  Aster.    Su  Callistephus. 

CHitnese  Fringe  Tree.    Su  ChioniLnthus. 

ChionAnthus 

retiisa  ((Chinese  Fringe  Tree) 841 

virginica  (Fringe  Tree,  or  White  Fringe) 83a.  843 

ChionoddxalttcflMB  (Glory  of  the  Snow) 863 

Chokeberry.    See  Ardnia. 

Chokecherry.    See  Pribius. 

Christmas  Fern.    See  Aspfdium. 

Christmas  Green.    See  Lycop6dium. 

Christmas  Rose.    See  HelUborus. 

57 
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Chrys^themtim  [=  Pyrtthrum] 

oocdneum  {=  Pyiithnim  rtaeum.  or  P.  h^bridiunj 873.  885 

coccineuxn  var.  ^bum 883 

oocdneum  var.  riUbnim 884 

leucinthemum,  Shasta  Daisy  var 872,  883 

uligiiidsum  (Giant  Daisy) 866.  887 

Chrysanthemum  (Hardy  Pompon) 867.  872,  888 

Cinnamon  Pern.     See  Osmdnda. 

Cladrtbtis  Ititea  [=  C.  tinct6rial  (Yellowwood) 824,  832,  844 

QArkia  pulch^lla 864 

Clayton's  Fern.    Su  Osmtinda. 

CUmatis 

jickmannii 847,  850 

jickmannii  var.  ^ba .'. ./.    846,  850 

iwnicullita  (Japanese  Clematis) 849,  850 

rfcta 867.  883 

stdns 867,  889 

tangiltica 821 

virginikna  (Virgin's  Bower) 821.  856 

Cl^hra  alnif61ia  (Sweet  Pepper  Bush) 848.  857 

Climbing  Bittersweet.    See  OUstrus. 

Climbing  Fem«    Su  Lygddium. 

Clover,  White.    See  Trifblium. 

Cockspur  Thorn.    See  Crats^igus. 

Coffee  Tree,  Kentucky.    See  Gynm6cladus. 

C61chicum  autumnile  (Autumn-flowering  Crocus) 863 

Coltsfoot.     See  Tussill«o. 

Columbine.     See  Aquildgia. 

Coliitea  arboriscens  (Bladder  Senna) 845 

Compass  Plant.     See  Sflphium. 

Onnptdnia.     See  Myrica. 

Coneflower.    See  Rudb^ckia. 

ConvallJlria  majilis  (Lily  of  the  Valley) 869t  875.  S82 

Conv61vulus  minor 864 

Coral  Bell.     See  Heiichera. 

Coralberry.    See  Symphoric4rpo6. 

Coredpsis  [=  Calli6psis] 

ooron^ta ' 864 

drumm6ndii 864 

ianceolita  var.  grandifl6ra 873.  877.  884 

Cornelian  Cherry.    See  C6mus. 

C6mus  (Dogwood) 823 

^ba  (Red-stemmed  Dogwood) 822.  843.  852 

^ba  var.  sibirica  (Siberian  Dogwood) 817.  825.  830 

altemifdlia  (Altemate-leaved  Dogwood) 812,  821,  822,  825.  841 

am6mum  [=  C.  serlcea]  (Silky,  or  Purple-stemmed,  Dogwood) 820,  84s.  852.  857 

canadensis  (Bunchberry) 880,  883 

candidfssima.     See  C.  paniculita. 

drcin^ta  {=  C.  rugbsa]  (Round-leaved  Dogwood) 822.  843 

fldrida  (Flowering  Dogwood) 8ix,  812.  815.  821.  822,  826.  833*  839«  855 

fl6rida  var.  nibra  (Pink  Dogwood) 833.  840,  857 

m^  (Cornelian  Cherry) 811.  822,  836 

panicuUta  [=  C.  candidissimA]  (Panicled.  or  Cray-stemmed,  Dogwood) 

821,  823,  824,  825.  826,  829.  844.  856 
rug6sa.     See  C.  circinlita. 

sanguinea  var.  viridissima  (Green  Dogwood) 825 

serfoea.    See  C.  am6mum. 

stolonlfera  (Red  Osier  Dogwood) 821,  826.  829.  841.  852,  857 

stolonffera  var.  flaviriimea  [=  var.  liitea]  (Yellow  Dogwood) 825 

C6rylus  (Hazel) 836 

ameridUia 826 

avdUna 6j6 
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C6rylus  {continued) 

mibdma  (PUbcrt) 8a6,  836 

rostr&ta 826 

Cosmos 86s 

G>tonedBter 

adpr6ssa 853,  859 

fr^chetii  (Sec  note  at  end  of  index) 857 

horisontMis 853.  857 

microph^lla 8S3,  859 

rimonsii 857 

G>ttonwood.    See  P6pulus. 

Cowslip,  Virginia.     See  Mert^nsia. 

Crab  A]>ple.    See  Ptrus. 

Cranberry.  High  Bush.    See  Vibdmum. 

Cratifegus  (Thorn) 811,  833 

arkans^na 841 

coodnea 822,  826.  841 

cordAta  [=  C.  phBnop^rum]  (Washington  Thorn) 812,  821.  823.  826,  833.  8451  857 

crus-g&Ui  (Cockspur  Thorn) 812.  826,  833.  843 

nitida 843 

oxyadLntha  (English  Hawthorn) 8aa,  841 

oxyacintha  var.  padlii  (Patil's  Double  Red  Thorn) 811,  833,  84a 

ph»nop^Tum.    See  C.  oordllta. 

punctilta 841 

tomentdsa 843 

Creeping  Bent  Crass.    See  Agr6stis. 

Creeping  Charlie.    See  Lysimichia. 

Cress,  Purple  Rock.    See  Aubriitia. 

Cress,  Rock.     See  Arabis. 

Crested  Dog's-tail.    See  Cynos&rus. 

Crimson  Glory  Vine.    See  V)tis. 

Crocus 863,  872.  88x 

Crocus.  Autumn-flowering.    See  C61chicttm. 

Crowberry.     See  fimpetrum. 

Crown  Imperial.    See  Pritilliria. 

Cucumber  Tree.    See  Magn61ia. 

Cucumber,  Wild.    See  Micrdmpelis. 

Currant.    See  Ribes. 

Currant.  Indian.    See  Symphoric&rpos. 

Cushion  Pink.    See  Armaria. 

Cyd^nia  [=  P^rus,  or  duenomyes] 

jap6nica  Qapanese  Quince) 817.  827.  838 

madlei 838 

vulgaris  ((Common  Quince) 841 

CynosCkrus  cristiktus  (Crested  Dog's-tail) 862 

Cypress.  Japanese.    See  Chanuec^paris. 

Cjrpress,  Nootka.    See  ChamsBc^paris. 

C^tisus 

nigricans 847 

scop^us  (Scotch  Broom) 825.  846 

Daffodil.    See  Nardssus. 

Dahlia 865,  872.  873.  887 

Daisy,  English.     See  B^llis. 

Daisy,  Giant.    See  Chrysanthemum. 

Daisy,  Shasta.    Su  Chrysanthemum. 

D4phne 

cne6rum  (Cfarland  Flower) 838,  854*  859 

mes^um 837.  853 

mexireum  var.  ilbum « 836 

Day  Lily.    See  Ftinkia. 

D6codon  verticilULtus  [=  Nescfea  vertidllAta]  (Swamp  Loosestrife) 879 

Delphinium  (Larkspur) *. .  864 

elAtum  (Bee  Larkspur) 867.  88s 

.form6sum  (Oriental  Larkspur) 873.  885 
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D^dhtun  [=  Ledoph^llum]  buxif61ium  (Sand  Myrtle) 839*  854«  859 

Detiltzia 

gr&cilis 841 

lem6inei 841 

ackbra  var.  fl6re  plino  (Pride  of  Rochester  Deutzia) 846 

Devil's  Paintbrush.    See  HieriUsium. 

Dewberry.    See  RClbus. 

Diinthus  (Pink) .864 

barbktus  (Sweet  William) 872.  873,  877f  883.  884 

plumirius.  Napoleon  III  var 870,  872.  877,  884 

Dio6ntra 

esdmia 873.  88s 

spectAbilis  (Bleeding  Heart) 867.  87s.  882 

Dictdmnus 

filbus  [=  D.  fnudnifiUa]  (Gas  Plant) 867.  875.  883 

dlbus  var.  riibra 885 

fraxin611a.    See  D.  ^bus. 

Diervilla  h^brida  (Weigela,  or  Diervilla) 

Eva  Rathke  var 822,  830.  846 

Le  Printemps  var 822.  830,  844 

Digitalis  (Foxglove) 

purpillrea 868,  88s 

purpiirea  var.  dlba  (White  Foxglove) 868,  883 

Dirca  palustns  (Leatherwood) 825.  836 

Dockmackie.     See  Vibdmum. 

Dogtooth  Violet.    See  Erythr6nium. 

Dogwood 823 

(See  also  C6mus.) 

D61ichos  jai)6nicu8.     See  Puer&ria. 

Douglas  Fir.     See  Pseudotsillga. 

Douglas  Spruce.     See  PseudotsiHga. 

Dragonhead,  False.    See  Physostigia. 

Dutchman's  Pipe.     See  ATi8tol6chia. 

Dutch  Hyacinth.     See  Hyadnthus. 

Dwarf  Marigold.     See  Tag^tes. 

Dyer's  Weed.     See  Genista. 

Early  Low  Blueberry.     See  Vacdnium. . 

Easter  Bell.     See  Stelliiria. 

Ebony  Spleenwort.     See  Aspl^ium. 

Echinoc^tis.     See  MicWbnpelis. 

Belgrass.     See  Vallisneria. 

EUe^tgnus 

angustif61ia  (Oleaster,  or  Wild  Olive) 8x2,  822 

Idngipes.     See  E.  multifl6ra. 

multifldra  [=  E.  16ngipe8]  (Gtxmi) 821,  822.  830 

multifl6ra  var.  ov^ta  (Japanese  Oleaster) 822 

Elderberry.     See  Sambiicus* 

Elder.  Box.     See  Acer. 

Elm.     See  Clmus. 

Elod^.     See  Anicharis. 

Emilia  fldmmea.     See  (3adllia  adrea. 

fimpetrum  nigrum  (Black  Crowberry) 8S4 

English  Daisy.     See  B6llis. 

English  Hawthorn.     See  Crat^fegus. 

English  Ivy.     See  H6dera. 

Epigs^  r6pens  (Trailing  Arbutus) 836,  88x 

ErAnthis  hyemilis  (Winter  Aconite) 863.  881 

Eridnthus  rav6nxue  (Wood,  or  Plume.  Grass) 874 

Erica  (Hardy  Spring  Heath) 

cdmea 836.  8S4.  8S9 

cdmea  var.  dlba 836 
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Eiigeron 

ftcris  (Blue  Fleabane) 877,  883 

canadensis  (Horseweed) 877,  884 

Biythr^ium  americ4num  (Adder's-tongue.  or  Dogtooth  Violet) 876,  881 

Eschschdltsia  calif6mica  (California  Poppy) 864 

Bulilia.    See  Miscdnthus. 

Bupat6ntun 

perfoli&tum  (Boneset) 880,  887 

ptirpClrcum  (Joe-pye  Weed) 880,  888 

Euxx>pean  Wayfaring  Tree.    See  Vibdrntun. 

Evening  Primroee.     See  (Enothhrn, 

Everlasting  Pea.    See  LAthyrus. 

Bvonymus 

^ta  (Winged  Bvonymus) 833.  835.  830 

bungekna  (Spindle  Tree) 822 

europe^  (European  Spindle  Tree) 822 

obovlLta  (Running  Strawberry  Bush) 852.  857 

laficans 817,  849 

ra^cans  var.  carri^rei  (See  note  at  end  of  index.) 817  ' 

ra<ficans  var.  v^eta 817.  821,  849,  852,  857.  859 

aieboldiJkna  (Spindle  Tree) 823 

B»>ch6rda  grandifl^ra  (Pearlbush) 841 

Pakgus  (Beech) 815 

ameridLna.     See  P.  ferrugfnea. 

fermgfnea  [=  P.  americinal  (American  Beech) 811,  817,  824.  855 

sylv&tica  (European*  or  English,  Beech) 811 

sylv^tica  var.  p^dula  (Weeping  European  Beech) 813 

Fklse  Camomile.    See  Boltdnia. 

Palse  Dragonhead.     See  Physost^gia. 

Palse  Indigo.    See  Am6rpha. 

Peathered  Hyacinth.    See  Musdiri. 
-  Pern,  Christmas.    See  Aspidium. 

Pern,  Cinnamon.     See  Osmdnda. 

Pern,  Clayton's.     See  Osmiinda. 

Pern,  Climbing.     Su  Lyg6dium. 

Pem«  Lady.    See  Aspl^nium. 

Pern.  Maidenhair.    See  Adiibitum. 

Pern,  Poljrpody.    See  Polyp6dium. 

Pern,  Royal.    See  Osmdnda. 

Perns 867,  871,  87s.  876.  880 

Pern,  Sensitive.    See  Onod^. 

Pern,  Sweet.     See  Myr)ca. 

Pescue.     See  Pesttica. 

Pestiica 

heterophf  11a  (Varioua-lcaved  Piescoe) 862 

ov)na  (Sheep  Pescue) 862 

nibra  (Red  Fescue) 863 

Pilbert.     See  Cdrylus. 

Pt1ip6ndula.     See  Spirs^  lobkta  and  S.  palmita. 

Pir.    See  Abies. 

Pir,  Douglas.    See  PseudotsClga. 

Plag.    See  Iris. 

Flag,  Sweet.    See  Aoorus. 

Plame  Azalea.    See  Rhododendron. 

Flame-flower.    See  Kniph6fla.  • 

Flax.  Flowering.    See  Dnum. 

Fleabane,  Blue.    See  Erfgeron. 

Floating  Heart.    See  Ltmninthemomi 

Floss  Flower.    See  Agerittum. 

Flowering  Almond.    See  Prilntts. 

Flowering  Dogwood.     See  OSmus. 

Flowering  Rush.     See  But6mus« 

Pofvet-me-not.    See  Myosdtis. 


Digitized  by  VjOOQ IC 


902  Bulletin  361 

PACE 

Pon^thia  (Golden  Bell) 830.  836 

f 6rtunei 830 

intennMia 830 

8cisp6nsa 830.  849.  850 

viridissuna 824,  830 

Pour-o'clock.    See  Mir&bilis. 

Poxglove.    See  Digiliilis. 

Prixintis 

americkna  (American,  or  White.  Ash) 811.  816.  824 

excelsior  (European  Ash) 815 

lanoeoIAta.     See  P.  pennsylvinica  van  lanceoUta. 

pennsylv^nica  var.  lanceoliu  [=  P.  lanceoUita]  (Green  Ash) 815.  816 

Pringe  Tree.    See  Chioninthus. 

PritiUiLria 

imperiMifl  (Crown  Imperial) 863 

meleigris  (Guinea-hen  Flower) 863 

melelkgris  var.  dlba 863 

PtSnkia  subcordAta  (Day  Lily) 867.  876,  887 

GailUtdia  (Blanket  Flo.wcr) 864 

aristita 87a 

GalAnthus  niviJis  (Snowdrop) 864.  881 

Glilax  aph^lla 871.  886 

Gale.  Sweet.    See  Myrica. 

Garland  Flower.    See  Ddphne. 

Gas  Plant.     See  Dictimnus. 

(}aulth^ria  procumbens  (Winteisreen,  or  Checkerberry) 83a,  8S4 

Gay  Feather.    See  Liiitris. 

GaylusslLcia 

bacdkta.     See  G.  resin^sa. 

brach^cera  (Box  Huckleberry) 854.  859 

resin6sa  [=  G.  bacd^tel  (Black  Huckleberry) 82a.  823  8S3.  8S5 

(jeneva  Bugle.     See  Ajilga. 

Genista  tinctbria  (Woodwax,  Dyer's  Weed,  or  Greenweed) 846 

Giant  Daisy.     See  Chrysanthemum. 

Giant  Knotweed.    See  Polygonum. 

Giant  Reed..  See  Ardndo. 

Gflia  tricolor 864 

Gill-over-the-ground.     See  N6peta. 

Ginkgo  blloba  (Maidenhair  Tree) 813.  815.  816.  824 

Gladiolus 868.  872,  885 

Glec6ma.     See  N^peta. 

Gleditsia  triadlnthos  (Honey  Locust) 815.  8x6,  824,  854.  856 

Globeflower.     See  KAm&  and  TT6\\iua. 

Glory  of  the  Snow.     See  Chionod6xa. 

Goatsbeard.     See  Spin^  ardncus. 

Golden  Bell.     See  Fors^hia. 

(3olden  Chain.    See  Labtimum. 

Golden  Glow.     See  Rudb^kia. 

Golden  Marguerite.    See  Anthemis. 

Ck>ldcnrod.     See  Solid^o. 

Golden  St.-John's-wort.     Su  Hyp6ricum. 

Golden  Tuft.     See  Alyssum. 

Gooseberry.     See  Rlbes. 

Goutweed.     See  i^opMium. 

Grape.     See  Vltis. 

Grape  Hyacinth.     See  MusdLri. 

Grape,  Oregon.     See  Mah6nia. 

Grass.  Beach.    See  Ammdphila. 

Grass.  Blue.     See  P6a. 

Grass.  Creeping  Bent.    See  Agr6stis. 

Grass,  Crested  Dog's-tail.    See  Cynosiinia 

Grass.  Plume.    See  Eriinthus. 
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GraM,  Red  Peicue.    See  Pestiica. 

GXB88,  Redtop.    Su  Agr6sti8. 

Grass.  Rhode  Island  Bent.    See  Agrdstis. 

Grass,  Rye.    See  L61ium. 

Grass.  Sheep  Fescue.    See  Pestdca. 

Grass.  Various-leaved  Fescue.    See  Festika. 

Grass,  Wood.     See  Eriibithus. 

Grass,  Wood  Meadow.    Su  P6a. 

Greenbrier.    See  SmUax. 

Greenweed.    Su  Genista. 

Ground  Hemlock.    Su  T4xus. 

Ground  Ivy.    Su  N^peta. 

Ground  Pine.    Su  Lycop6dium. 

Groundsel  Tree.    Su  B^Ux:haris. 

Guelder  Rose.    5««  VibtSmum. 

Guinea-hen  Flower.    Su  PritilUiria. 

Gum.  Black,  or  Sour.    Su  N^ssa. 

Gumi.    Su  Elseignus. 

Gum,  Sweet,  or  Red.    Sec  Liquidimbar. 

Gymn6cladu8  dio)ca  (Kentucky  Coffee  Tree) 824 

Gyps6phi]a 

oerastioides 871,  886 

^legans  (Annual  Baby's  Breath) 864 

paniculkta  (Baby's  Breath) 873.  886 

ripens 871.  884.  885 

Hackberry.    See  Otitis. 

Halisia  [=  Mohrod^dron]  caroBna  [=  H.  tetriptera]  (Snowdrop  Tree,  or  Opossum  Wood) 841 

Halimod^ndron  axg^nteum  (Salt  Tree) 846 

Hamam^lis 

jap6nica  var.  arb^rea  Japanese  Witch-hasel) 836.  857 

virgini^na  (Witch-hazel) 811,  826,  833.  849,  854 

Hardback.    Su  Spired. 

Hardy  Spring  Heath.    Su  Erica. 

Haw.  Black.    Su  Vib^imum. 

Haw.  English.    Su  Crateftgus. 

Hawkweed.    Su  HieriLdum. 

Hawthorn.    Su  Cratafegus. 

Hazel.    Su  C6rylu8. 

Heather,  Scotch.    Su  CaUihia. 

Heath,  Hardy  Spring.    Su  Erka. 

Heath.  Mountain.     Su  Phyll6doce. 

H^era  h^lix  (English  Ivy) 849.  852.  855 

Hel^ium  autumnlde  var.  8Up6rbum 866,  880,  887 

Heliinthus 

innuus  (Sunflower) 864 

gigantius  (Giant  Sunflower) 866.  889 

m611is  (Perennial  Sunflower) 866,  886 

oigyilis  (Narrow-leaved  Sunflower) 866,  889 

rigidus.  Miss  Mellish  var.  (Stiff  Sunflower) 877.  887 

HelMborus  nlger  (Christmas  Rose) 873.  881 

HemerociUUs  fli^va  (Lemon  Lily,  or  Yellow  Lily) 867,  876,  884 

Hemlock.    Su  Tsi^a. 

Hemlock,  Ground.    Su  T4xus. 

Hepdtica  triloba  (Common  Hepatica) 871.  876,  88x,  88a 

Hedcbera 

sangulnea  (Onal  Bell) 871.  872,  875*  S8S 

sanguinea  var.  iUba 871.  875.  884 

Hibiscus 

moscheiitos  (Marsh,  or  Rose,  Mallow) 866,  874.  887.  888 

syriacus  (Rose  of  Sharon,  or  Shrubby  Althm) 833,  849 

Hickory.    Su  CiLrya. 

Hicdria.    Su  C4rya. 

HieriUaum  auranUacum  (Hawkweed,  or  Devil's  Paintbrush)  (See  note  at  end  of  index) 884 
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High  Btuh  Blueberry.    Su  Vaodnium. 

High  BuBh  Cranberry.    See  Vibdmum. 

Hills  of  Snow.    See  Hy  l/Angea. 

Hobblebuah.    See  Vibiimum. 

Holly.    See  Ilex. 

Hollyhock.    See  Altbabai. 

Honey  Locust.    See  Gledltsia. 

Honeysuckle.     See  Lonlcera. 

Honeysuckle,  Wild,  or  Pinkster  Flower.     See  Rhododendron. 

Hop,  Japanese.     See  Hamulus. 

Hornbeam,  American.     See  Carpinus. 

Hornbeam,  European.    See  Carpinua. 

Hornbeam,  Hop.    See  Ostrya. 

Horse-chestnut.    See  AacalvB, 

Horseweed.    See  Erigeron. 

Houst&nia  cssriilea  (Bluet) ' 870,  883 

Huckleberry.    See  Gaylussftda. 

Hiimulus  jap6nicus  (Japanese  Hop) 851 

Hyadnth 87a,  881 

(See  also  Hyadnthus.) 

Hyadnth,  Feathered.    See  Musciri. 

Hyacinth,  Grape.    See  MusdLri. 

Hyadnthus  orientidis  (Dutch  Hyadnth) 863 

Hydringea 

arbor6scens 830 

arbor^scens  var.  grandifl^ra  [=  var.  st^rilis]  (Hills  of  Snow) 830,  847 

arbortecens  var.  st6rilis.    See  H.  arbor^scena  var.  grandifl6ra. 

panicuUta  var.  grandifl6ra  (Common  Hardy  Hydrangea) 833.  849 

panicuUita  var.  prs^x 848 

qtiercif61ia  (Oak-leaved  Hydrangea) 857 

radiAta 847 

H3rp6ricum 

atireum  (Golden  St.-John's-wort) 825.  827.  849 

biickleii 847,  853 

calydnum  (Aaron's  Beard) 859 

ptolificum  (Shrubby  St.-John's-wort) 823,  835,  837.  849.  855.  857 

Ib^ris 

semp^rvirens  (Evergreen  Candjrtuft) 870,  875.  882 

umbellAta  (C^andytuft) 865 

Ilex 

crenita  (Japanese  Holly) 817 

crenkta  var.  microph:^lla 817.  859 

deddua 857 

gUbra  (Inkberry) 817,  8ao,  856,  859 

op&ca  (American,  or  Christmas,  HoUy) 8x7.  821 

vertidlUita  (Winterberry) 821.  857 

Indian  Currant.     See  Symphoricdrpos. 

Indigo,  False,  or  Bastard.    5m  Am6rplia. 

Indig6fera  keriI6wii 848 

Inkberry.     See  Ilex. 

Ipomdba 

b6na-n6x  (Moonflower) 8sx 

pandurita  (Hardy,  or  Perennial.  Moonflower.  Wild  Potato  Vine,  or  Man-of-the-earth) 851 

purpClrea  (Morning  Glory) 8si.  865 

Iris 

florenthia  (Orris  Root) 876.  882 

germ&nica  (German  Iris) 882 

katmpferi.    See  I.  levigita. 

IsvigliU  [=  I.  ka£mpferi]  Qapanese  Iris) .867,  872.  879.  8S3 

p^da  var.  dalmitica 868.  883.  885 

pseudicorus  (European  Yellow  Flag) 879.  S84 

versiGok>r  (Native  Blue  Flag) 879.  S84«  885 

Ironwood.    See  Cat^nus  and  Ostr^. 
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Italian  Rye  Grass.    See  L61iuxn. 

Ivy.  Boston.     See  Ampel6p6i8. 

Ivy,  English.     See  H^era. 

Ivy,  Pive-leaved.     See  Ampeldpsis. 

Ivy,  Grotind.     See  N^peta. 

Ivy.  Japanese.     See  Ampeldpsis. 

Japanese  Cypress.     See  Chanuac^paris. 

Japanese  Honeysuckle.     See  Lonicera. 

Japanese  Hop.     See  Hiimulus. 

Japanese  Oleaster.     See  Elmignva. 

Japanese  Pagoda  Tree.     See  Soph6ra. 

Japanese  Quince.     See  Cyd6nia. 

Japanese  Snowball.     See  Vibtimum. 

Joe-pye  Weed.     See  EupatArium. 

Judas  Tree.     See  C^rcis. 

Ji^lans 

cin^a  (Butternut) 824 

nigra  (BUck  Walnut) 824 

Juneberry.     See  AmeUnchier. 

Juniper.     See  Junlperus. 

Juniperus 

chtn^sis  (Chinese  Juniper  or  Cedar) 812,  8x3,  859 

chin^sis  var.  pfitxeriikna 859 

chindnsis  var.  procdmbens 854,  859 

commiinis  (Common  Juniper) 8aa 

commillnis  var.  depr6ssa.    See  J.  oommi!knis  var.  montina.     (See  note  at  end  of  index.) 

oommiinis  var.  hib^mica  (Irish  Juniper) 814,  822 

commillnis  var.  mont^na  [svar.  deprtea.  or  var.  nina]  (O>mmon  Juniper,  lowest  form).  .8x8.  853,  856 
oommiinis  var.  nlina.    See  J.  commiinis  var.  montAna. 

hoHsontl^lis  (the  latest  name  for  J.  sabina  var.  prostrdita 853,  856,  859 

horisontUis  var.  dotSglasii  (Waukegan's  Juniper) 853 

sablna 818,  856,  859 

saUna  var.  prostr^ta  (=  J.  horisontiUis] 853.  856.  859 

sablna  var.  taniariscif61ia 817.  854,  859 

virginiina  (Red  Odar) 811.  813.  813.  814.  832,  856 

virginiJLna  var.  gladca 859 

KAlmia  latif61ia  (Mountain  Laurel) 818,  844.  845,  855.  857 

Kentucky  Coffee  Tree.    See  Gymn6cladus. 

K^rria  jap6nica  (Globcflower) 825.  827.  840 

Kerria.  White.    See  Rhodothws. 

Kniphdfia  [=  TrttomaJ  pfitseri  (Flame-flower) 868,  876.  888 

Knotweed.  Giant.     See  Polygonum. 

Koelreutiria  panicullkta  (Varnish  Tree) 833 

Kudzu  Vine.     See  Puer&ria. 

Liabdmum 

alplnum  (Scotch  LAbumum) 833.  844 

vulgkre  (CSolden  Chain) 843 

Lady  Pern.    See  Aspl^ium. 

Limium  41bum  (White  Variegated  Nettle) 877,  883 

Larch.    See  Lkiix. 

Utfix 

americlkxia  (Tamarack,  or  American  Larch) 833,  857 

deddua.    See  L.  euxope^. 

europi^  [=  L.  deddua]  (European  Larch) 813.  833 

Larkspur.    Su  Delphinium. 

L4thyrus 

]atif61ius  (Perennial,  or  Everlasting,  Pea) 851 

odoritus  (Sweet  Pea) 865 

Laurel.    See  Kilmia. 

Laurel  Magnolia.    See  Magnolia. 

Lead  Plant.     See  Am6rpha. 

Leadwort.    See  Ceratostignia. 

Leatherwood.    See  Dirca. 
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Leioph^Uuffl.    See  Ddndrium. 

Lemon  Lily.    See  HemerociUlis. 

Leuc6tho6  catesbs^ • 8l8.  841,  859 

Li^tris 

flegans 87s.  887 

pycno8t2u:hya  (Blaxing  Star,  or  Gay  Feather) 868.  873.  876.  888 

Ligt!istrum 

axntir6nae  (Amur  Privet) 817 

ib6ta  (Ibota  Privet) 817.  821,  824.  826.  846.  854 

ib6te  var.  rcgeli^ntim  (Rcgcrs  Privet) 817.  820,  824.  82s.  827.  846 

ovalif61iuin  (California  Privet) 817.  848 

vulgiire  (Common,  English,  or  European  Privet) 8x7.  821.  822,  826,  834,  846.  854,  857 

Lilac 837 

(See  also  Sjrringa.) 

Lilac.  Summer.    See  Biiddleia. 

Lilium  (Lfly) 864 

br6wnii 869.  886 

c^didum  (Madonna  Lily) 869.  884 

hfoiryi 869.  888 

specidsum  var.  dlbura 869,  887 

8peci68um  var.  rdseum 869 

speci6sum  var.  riibnun 869.  888 

tigrinum  (Tiger  Lily) 869.  886 

Lily.     See  Lilitmi. 

Lily,  Day.    Su  Funlda. 

Lily.  Lemon.    See  HemerodUlis. 

Lfly  of  the  Valley.     See  Convalliria. 

Lily,  Water.     See  NymphAa. 

Lfly.  Yellow.     See  Hemeroc^lis. 

Lfly,  Yellow  Wood.     See  Anemone. 

Lfly,  Zanzibar.     See  Nymphu^ 

LimnAnthemum  (sVilldrsiaJ  nympholdes  (Floating  Heart).     (See  note  at  end  of  index) 880 

Lin&ria  vulgaris  (Butter  and  Eggs) 884 

Linden.     See  Tilia. 

Llnum  cocdneum  [=  L.  grandifl6rum]  (Flowering  Flax) 865 

Liquiddmbar  styradflua  (Sweet,  or  Red.  Gum) 816.  823 

Lirioddndron  tulipifera  (Tulip  Tree,  or  Whitewood) 812.  81s.  816,  824,  84s 

Lobelia 

cardinMis  (Cardinal  Flower) 876.  880.  888 

syphilitica  (Blue  Cardinal  Flower) 880,  888 

Locust.  Common,  or  Black.     See  Robinia. 

Locust.  Honey.    See  Gleditsia. 

Ldlium 

itdlicum.     See  L.  multifl6nmi. 

multifl6rum  [=  L.  iUflicum]  (Italian  Rye  Grass) 862 

per6nne  (English,  or  Perennial,  Rye) 8si 

Lonicera 

^bertii.    Se*  L.  spinftsa. 

b611a. : 822.  84X.  858 

b611a  var.  r^sea ^41 

csr^ea  (Blue  Honeysuckle) 837,  857 

canadensis 837 

fragrantlssima  (Fragrant  Honeysuckle) 826,  831.  836,  837,  838,  858 

hallikna.     See  L.  jap6nica  var.  halli^na. 

heckr6ttii 847,  849,  850.  858 

jap6nica  (Japanese  Honeysuckle) 822,  844,  84s,  850.  851,  852.  854 

jap6nica  var.  halliima  [=  L.  halliiina]  (Hall's  Honeysuckle) 849.  852 

maiddi 858 

xn6rrowii  (Morrow's  Honeysuckle) 822,  826,  841.  842,  858 

ruprechtiina  (Ruprecht's  Honeysuckle) 822 

8pin6sa  (=  L.  dlbertiil 842.  853 

stdndishii 836 

tatdrica  (Tartarian  Honeysuckle) 821,  822,  825.  826,  834,  841.  852 

tatirica  var.  spl^ndens 842 
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Loosestrife.  Purple.    See  L^hrum. 

Loosestrife,  Swamp.     See  D^codon. 

Love-in-a-mist.     See  Nig^Ila. 

Lupine.     See  Lupinus. 

Luplnus 

nlinus 86s 

per6nnis  (Wild  Lupine) 877,  88s 

Lychnis 

ooronJLria 877,  88s 

ooroniria  var.  £lba 877,  884 

L^um 

Chinese  (Chinese  Matrimony  Vine) 821,  83a,  850,  851 

halimif61ium  1=  L.  vulg&re]  (Matrimony  Vine) 822,  850,  851.  852 

vulg&re.     See  L.  halimif61ium. 

L3roop6dium 

complanlitum  (Christmas  Green) 854 

obsciirum  (Oround  Pine) 8s4 

LygMium  palmJitum  (Climbing  Fern) 876 

Ly6nia.     See  Andr6meda. 

LysimJLchia  nummuUria  (Moneywort,  or  Creeping  Charlie) 84s,  854.  85s.  856.  871,  884 

L^hrum  salickria  var.  r6seum  supirbum  (Purple  Loosestrife) 866,  880,  887 

Macltira.     See  T6xylon. 

Madeira  Vine.     See  Boussingaiiltia. 

Madonna  Lily.    See  Lllium. 

Magn61ia 

acuminiLta  (Cucumber  Tree) 811.  813,  842 

alexandrlna 838 

consplcua  [=  M.  ytlllanl 8is.  837.  858 

gladca  [=  M.  virginijina]  (Sweet,  or  Swamp,  Bay,  or  Laurel  Magnolia) 844.  858 

lenn^i 840 

soulange&na 815,  838 

stell&ta  (Starry  Magnolia) 831.  836,  858 

vinginiJLna.     See  M.  gladca. 
ytilan.     See  M.  consptcua. 

Mahdnia 

aquif61ium  (Oregon  Grape) 818.  838.  855 

ripens 818,  838,  853.  859 

Maidenhair  Pern.     See  Adiintum. 

Maidenhair  Tree.     See  Ginkgo. 

Mallow,  Marsh.     See  Hibiscus. 

Mallow,  Poppy.     See  CalHrho*. 

Mallow.  Rose.     See  Hibiscus. 

Man-of-the-earth.     See  Ipomd^. 

Maple.    See  Acer. 

Marigold,  Dwarf.     See  Tagfttes. 

Marigold,  Marsh.     See  Cdltha. 

Marsh  Mallow.     See  Hibiscus. 

Marsh  Marigold.     See  Ciltha. 

Marsilea  quadrif61ia  (European  Marsilea) 880 

Matrimony  Vine.     See  L^dum. 

MatthteU  (Stock) 865 

Meadowsweet.     See  Spirit. 

Menisp^rmura  canad^nse  (Moonseed  Vine) 854.  856 

Mert^nsia  virginica  (Bluebell,  or  Viiginia  0)wslip) 876,  883 

Micrdmpelis  [=  EchinocMisJ  lobito  (Wild  Cucumber) « 851 

Mignonette.     See  ResMa. 

Milkweed.    See  Ascel^ias. 

MirAbilis  jaldpa  (Four-o'clock) 86s 

Miscdnthus  sinensis  [=  Bulklia  jai)6nica] 874.  880 

Mitch611a  ripens  (Partridge  Berry) 822,  8s4 

Mock  Orange.     See  Philad61phus. 

Mohrod6ndron.     See  Hal^ia. 

Moneywort.    See  LysimAchia. 


Digitized  by  VjOOQ IC 


9o8  Bulletin  361 

PAGE 

Monkshood.     See  AconHum. 

Moonflower.     See  Ipomofea. 

Moonaeed  Vine.     See  Menisp^rxnttm.  • 

Moosewood.     See  Acer. 

Morning  Glory.    See  Ipomc^ 

M6ru9 

dlba  (White  Mulberry) 822 

rilbra  (Red  Mulberry) • 822 

Moss  Pink.     See  Phl6x. 

Mountain  Ash.     See  S6rbus. 

Mountain  Heath.     See  PhylI6dooe. 

Mountain  Laurel.     See  Kilmia. 

Mulberry.     See  M6rus. 

Musc&ri  (Grape  and  Feathered  Hyacinths)  * 

botryoMes 864 

botryoldes  var.  Alba 864 

plum6sum  var.  monstrbsum 864 

Myos6ti8  paldstris  var.  semp^rflorens  (Bverblooming  Potiget-me-not) 870,  872,  876,  883 

Myrtca 

[=  Compt6nia]  asplenif61ia  (Sweet  Pern) 853,  855 

carolindnsis  (Bayberry,  or  Candleberry) 821.  822,  826,  831.  856.  858 

(This  is  known  commercially  as  M.  cerifera^  and  until  recently  the  two  forms  have  both  been 
included  under  that  name.  It  ranges  north  to  Nova  Scotia  near  the  coast,  and  is  perfectly 
hardy  in  northern  New  York.  This  is  the  more  shrubby  in  habit  (from  6  to  8  feet,  some- 
times 12  feet,  high),  with  blunt  leaves  which  are  broader  and  more  oblong  than  those  of  M. 
cerifera.) 
ccrifera  (Wax  Myrtle) 

(This  is  a  southern  plant,  closely  related  to  M.  caroiinensis  but  probably  tender  in  New  York 
State.     This  species  is  the  more  treelike  in  hdTbit,  with  pointed  leaves  which  are  narrower 
-    and  more  lanceolate  than  those  of  Jf .  caroiinensis.) 
gUe  (Sweet  Gale) 856 

Myrtle.    See  VInca. 

Myrtle,  Sand.  '  See  D^ndrium. 

Myrtle,  Wax.    See  Myrtca. 

Nannyberry.    See  Vibdmum. 

Narcissus 

incomparibilis » 863 

le^sii '. 863 

posticus  (Poet's  Narcissus) 864,  881 

psei^do-nardssus  (O>mmon  Daffodil) 863.  881 

Nasturtium.     See  Tropifeolum. 

Nem6phila  insignis 865 

N^peta  glech6ma  [=  Glec6ma  heder&cea]  (Ground  Ivy.  or  Gill-over-the-ground) 870.  876.  882 

Nes8^.     See  D^codon. 

Nettle.  White  Variegated.     See  lAmium. 

New  Jersey  Tea.    See  Oan6thus. 

Nicotikna 865 

Nig611a  damasc^na  (Love-in-a-mist) . . , 86$ 

Nightshade.     See  Sol&num. 

Ninebark.     See  Opulibiter. 

Niltphar.     See  Nymptu^  Advena. 

Nymphifea  [=  Gastlllia] 

[=  NiipharJ  idvena  (Spatterdock,  or  Yellow  Water  Lily) 878,  884 

dlba  (C:ommon  White  English  Water  Ltty) 878 

dlba  var.  candidissima 878.  884 

American  hybrids 878 

fliva  (Florida  YeUow  Water  Lily) 878 

marli&cea  (Marliac's  Hybrid  Nympluea) 878 

marli^Lcea  var.  dlbida 878 

marli^cea  var.  cornea 878 

marlikcea  var.  chromat^lla 878 

marliiicea  var.  r&sea 878 

odoriLta  (Native  White,  or  Sweet-scented,  Pond  Lily) 878.  884 

odoriite  var.  r6eea  (Cape  Cod  Water  Lily) 878.  885 
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Nymphafea  (continued) 

tubertea  (Tuberous  Native  Water  Lfly) 870 

zanzibari^nsis  (SUinsibar  LUy) 878 

N^ssa  sylvdtica  (Pepperidge,  Black,  or  Sour,  Gum,  or  Tupelo) 812,  8a2,  S23,  857,  858 

Oak.     See  Qu^rcus. 

(Enoth^ra 

bi^nis  var.  grandifl^ra  [=  (E.  lamarkikna]  (Lamark's  Evening  Primrose) 869,  877.  S84 

drumm6ndii  var.  nkna.  (Dwarf  Evening  Primrose) 865 

lamarkiina.     See  CE.  biennis  var.  grandifl6ra. 

missouri^sis  (Mtssotiri  Evening  Primroee) 871,  87s.  884 

8peci6sa  (Showy  Evening  Primroee) 877.  88? 

Oleaster.     See  Elee^^nus. 

Olive.  Wild.     See  Elcedgnus. 

Onocl^  aensibilis  (Sensitive  Fern) 875.  880 

Opossum  Wood.     See  Hal^sia. 

Opuldster  [=  Physoc^us,  or  Spiral]  opulif61iu8  (Ninebark) 844,  85a 

Orange.  Mock.    See  Philad^lphus. 

Orange.  Osage.     See  T6xylon. 

Oregon  Grape.    See  Mah6nia. 

Oriental  Plane.     See  PUltanua. 

Oriental  Poppy.     See  Papiver. 

Oriental  Spruce.     See  F)cea. 

Orris  Root.     See  Iris. 

Osage  Orange.    See  T6xylon. 

Osier.    See  SUiz. 

Osmlinda 

dnnamdmea  (Cixmamon  Fern) 876*  880 

claytoniina  (Clayton's  Fern) . . ". 875 

regillis  (Royal  Fern) 876,  880 

Ostrya  (Ironwood,  or  Hornbeam) 811 

viiginilina  (Hop  Hornbeam) 824,  855 

Oxyd6ndrum  arb6reum  (Sorrel  Tree,  or  Tree  Andromeda) 8xa.  824,  848.  858 

Pachysindra  terminilis 853.  854*  855,  859 

P«imia  moutin  (Tree  Peony) 840,  882 

Pagoda  Tree.    See  Soph6ra. 

Pansy.     See  Viola. 

Pap^ver  (Poppy) 

alpinum  (Alpine  Poppy) 871,  882 

nudicatile  (Iceland  Poppy) 871.  872,  882 

orientWe  (Oriental  Poppy) 873.  885 

orientide.  Blush  Queen  var 873.  885 

orientide.  Silver  Queen  var 873.  884 

rfacbts  (Shirley  Poppy) 86s 

ParthenodsBus.     See  Ampeldpsis. 

Patridge  Berry.     See  Mitch^Ua. 

Pkvia.    See  i^sculus  parvifl6ra. 

Peach.    See  Priinus. 

Pear.    See  P^rua. 

Pearlbush.    See  Exoch6rda. 

Pea.  Sweet.    See  LAthyrus. 

Pea  Tree.     See  Caragina. 

Peltindra  virglnica  (Arrow  Arum) 879 

Penis^tum  jap6nicum 874 

Pentst^mon 

barb&tus  var.  t6rreyi  (Red  Beardtongue) 869,  886 

diffilsus  (Beardtongue) 877.  885 

Peony .' 867,  872,  882 

(See  also  Paednia.) 

Peony.  Tree.     See  Paednia. 

Pepper  Bush,  Sweet.    See  Cl^thia. 

Pepperidge.     See  N^ssa. 

Perennial  Pea.    See  LAthyrus. 
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Perennial  Rye  Grass.    See  L61itun. 
Periwinkle.    See  Vlnca. 

Petunia 8^5 

Phas^lus  multifl6rus  (Scarlet  Runner  Bean) g^, 

Philad^lphus 

coronlLrius  (Syringa,  or  Mock  Orange) g3,^  g^ 

coronirius  var.  niLnus  (Dwarf  Syringa) g25 

grandifldrus.     See  P.  Iatif61ius. 

inoddrus 826.  831.  846 

insfgnis  (Souvenir  de  Billard) 847 

latifMius  [=  P.  grandiflArus.  or  P.  pub^scens] 834.  846 

lemftinei  (Lemoinc's  Syringa) 8a8,  846.  858 

pub^scens.     See  P.  latifblius. 
PhilMria.     See  An&charis. 
Phl6x 

decuss^ta.    See  P.  paniculjita. 

drumm6ndii  (Drummond's  Phlox) 865 

panicul^ta  [=  P.  decussita]  (Late  Phlox) 867.  873.  885 

subulJita  (Moss  Pink) 870.  877.  8S1.  882 

suffrutic6sa  (Early  Phlox) 867.  872.  883 

Phyll6doce  [=  BryAnthusl  caeriilea  (Mountain  Heath) 848.  8S4 

Phynocdrpus.     See  Opulister. 

Physost^gia  virgini^ina  (False  Dragonhead) 873.  886,  887 

P)cea 

^ba.     See  P.  canadensis. 

canadensis  [=  P.  Alba]  (White  Spruce) 813.  822 

engelmannii  (Bngelmann's  Spruce) 813 

exceisa  (Norway  Spruce) 813.  817 

marikna  [=  P.  nigral  (Black  Spruce) 822 

n)gra.     See  P.  marikna. 

omorika 859 

orientlLlis  (Oriental  Spruce) 813 

parry&na.     See  P.  pilngens. 

pollta  (Tiger  Tail  Spruce) 822 

pdngens  (=  P.  parrykna]  (Colorado  Blue  Spruce) 813 

riUbra  (Red  Spruce) 813 

Pickerel  Weed.    See  Pontediria. 

PiMs.    See  Andr6meda. 

Pine.     See  Pinus. 

Pine.  Ground.     See  Lycop6dium. 

Pine,  Prince's.     See  Chimiphila. 

Pine.  Umbrella.     See  Sdad6pitys. 

Pink.     See  Diinthus. 

Pink,  Cushion.     See  Armaria. 

Pink,  Moss.    See  Phl6x. 

Pinkster  Flower,  or  Wild  Honeysuckle.    See  Rhododendron 

Rnus 

austriaca  (Austrian  Pine) 811,  822 

banksikna  (=  P.  divaricita]  (Bank's  Pine,  or  Jack  Pine) 8x2,  856.  8S9 

cembra  (Swiss  Stone  Pine) 811.  859 

densifl6ra 859 

densifl6ra  var.  pumfla  (Japanese  Red  Pine) 8s9 

divaric^ta.     See  P.  banksillna. 

montkna  (Swiss  Mountain  Pine) 812 

ponder6sa  (Western  Yellow,  or  Bull,  Pine) 812.  859 

resin6sa  (Red.  or  Norway,  Pine) 81 1.  812.  822.  859 

rigida  (Pitch  Pine) 811.  812.  856 

strftbus  (White  Pine) 811,  812,  822 

sylvfetris  (Scotch  Pine) 812 

thunbcigii  (Japanese  Black  Pine) 8S9 

Pipsissewa.    See  Chimdphila. 
Pitch  Pine.    See  Rnus. 
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Plane  Tree.    See  PUltanus. 

Plit^us 

occident&lis  (Sycamore,  or  American  Plane  Tree) 8i6,  857 

orientals  (Oriental  Plane  Tree) 8za,  815.  816,  858 

Platycddon 

grandifl6ram  (Balloonflower) , « « , 873.  876,  887 

ffrandifl&rum  var.  ilbum  (Bellflower.  or  Balloonflower) 873*  876.  886 

Plum.    See  Prilnus.  •  .    . 

Plume  Oraas.    See  Eri&nthua. 

Plume  Poppy.    See  Bocc6nia. 

P6a      .. 

nemoWdis  (Wood  Meadow  Grass) 862 

prat^nsis  (Blue  Grass) 86x 

Poet's  Narcissus.     See  Narcissus. 

Polyanthus.     See  Primula. 

Polygonum 

cuspiditum.     See  P.  si^boldii. 

Sachalin^nse 866,  874,  887 

si^boldii  [-  P.  cuspidMum]  (Giant  Knotweed) 866.  874,  887 

d^boldii  var.  compictum 867,  887 

Polypddium  vulg^re  (Common  Polypody) 871,  87s 

Polypody.     See  Polyp6dlum. 

Pompon,  Hardy.     See  Crysanthemum. 

Pond  Lily.     See  Nymplu^. 

PontedWa  cordAta  (Pickerel  Weed) 879.  887 

Poplar.     See  P6pulu8. 

Poppy.    See  Papilver. 

Poppy.  California.     See  Eschsch61tsia. 

Poppy  Mallow.     See  Callirhoft. 

Poppy.  Plume.     See  Bocc6nia. 

P6pulus  (Poplar) 814.  824 

^ba  (White,  or  Silver,  Poplar) 814 

dlba  var.  boUe^na  (BoUe's  Poplar) 814 

deltoldes  (Cottonwood) 814,  815.  852,  857 

deltoides.  Carolina  Poplar  var 814.  815 

(By  some  persons  this  is  supposed  to  be  a  hybrid  between  the  Cottonwood  [P.  deiioides]  and 
the  Black  Poplar  of  Europe  [P.  nigra].) 

nigra  var.  itdlica  (Lombardy  Poplar) 8x4 

tremuloldes  (Trembling  Aspen) 813,  825.  857 

Potato  Vine,  Wild.    See  Ipomcba 

Potcntflla  

{rutic6sa 847 

tridentiita 854.  871,  882 

Primrose,  Evening.    See  (Enothhm, 

Primula  poly&ntha  (Polyanthus) 873,  883 

Prince's  Pine.     See  Chim&phila. 

Privet.    See  Ligiistrum. 

Pribius 

ameridLna  (Plum) 839 

^vium  (Sweet  Cherry) 837 

c^rasus  (Sour  CHierry) 837 

dom^stica  (Plum) 837 

dom^tica.  German  Prune  variety 839 

hortuUna 839 

mahdleb  (Mahaleb  Cherry) 823 

maritima  (Beach.  Plum) 839 

munsoni^na  (Wild  Goose  Plum) 839 

nigra  (Canada  Plum) 838 

pkdus  (European  Bird  Cherry) 823 

p^dula  (Weeping  Japanese  Cherry) 812,  839 

pennsylv^ica  (Bird,  or  Wild  Red.  Cherry) 823,  838 

p^rsica  (Orchard  Peach) 838 

o^ca  var.  fl6re  pl^p  41ba  (Double  Wbit5  Pcach) , , , » 838 
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Pr^us  (continued) 

ptmca  var.  fl6re  pl^o  rilkbra  (Doable  Red  Peach) 838 

pi^mila  (Sand  Cherry) 823.  825 

sdigentii  (Japanese  Cheny) 838,  858 

8er6tina  (Wfld  Black  Cherry) 814,  823,  843 

tomentdsa 838 

trifl6ra  (Chinese  Pltim) 83S 

triloba  var.  fl6re  pl^no  (Flowering  Almond) 831,  838 

viiginiina  (Chokecherry) 839 

Pseudotst^  taxifdlia  [=  P.  dodglasii]  (Doulgaa  Fir,  or  Douglas  Spruce) 814,  859 

Puerkria  thunbetgiina  [=  D61ichos  jap6nicu8]  (Kudzu  Vine) 851 

Purple  Loosestrife.     See  L^hrum. 

Purple  Rock  Cress.    See  Aubrifetia. 

Pussy  Willow.    See  SMix. 

Pyr^thrum.    See  Chrysanthemum. 

P^rus  (Apple.  Crab  Apple,  Pear) 
arbutif61ia.     See  Ar6nia. 

bacc&ta  (Siberian  Crab) 839 

commiinis  (Orchard  Pear) 839 

coroniLria  (Eastern  Crab) 842 

iloribdnda  (Flowering  Crab) 8ia.  823,  834.  840 

hallikn^  (=  P.  pdrkmanii]  (Parkman  Crab) 812.  840 

io^nsis  var.  bdchtelii  (Bechtel's  Crab) 811.  834.  Ma 

jap6nica.     See  Cyd6nia. 

mIduB  (Orchard  Apple) 839 

matilei.    See  Cyd6nia. 
nigra.     See  Arimia. 
pdrkmanii.    See  P.  hallii^na. 

salicif61ia 839 

simbnii 824.  839 

sinensis  (Chinese  Pear) 839 

spectibilis  (Chinese  Crab) 840 

vulgaris.    See  Cyd6nia. 

Queen  of  the  Meadow.     See  Spirs^. 

Queen  of  the  Prairie.     See  Spirs^. 

Qu^reus  (Oak) 811 

dlba  (White  Oak) 811,  824 

cocclnea  (Scarlet  Oak) 811.  814,  816,  824.  856 

ilicif6Iia.    See  Q.  n^na. 

nkna  1=  Q.  ilicifdlial  (Bear,  or  Scrub.  Oak) 856.  858 

palustris  (Pin  Oak) 813.  815.  816,  824.  857 

peduncul^ta  var.  fastig^ta  (Upright,  or  Pyramidal,  English  Oak) 814 

platanoides  (Swamp  White  Oak) 8S7 

prinus  (Chestnut  Oak) 824 

riibra  (Red  Oak) 811,  812,  814.  81s.  816.  824.  856 

velCltina  (Black  Oak) 812.  824 

Quince.    See  Cyddnia. 

Rabbit  Berry.    See  Sheph6rdia. 

Raspberry.    See  Rilbus. 

Redbud.     See  C^rcis. 

Red  C^edar.    See  Juniperus  and  Tht!l3ra. 

Red  Gum,    See  Liquidimbar. 

Redtop.    See  Agrdstis. 

Reed.  Giant.     See  Anlndo. 

ResMa  odor^ta  (Mignonette) 8s5 

Retin^epora.    See  Chanusc^paris. 

Rh^unnus 

alpina  (Alpine  Buckthorn) 826 

cathdrtica  (Buckthorn) 817,  821,  823,  826.  834.  854 

Rhode  Island  Bent  Grass.     See  AgnSstis. 

Rhododendron 818.  8s5.  858 

[=  AsMea]  arbor6soens 837.  844 

arbutifdlium  {=  R.  wiJs^niiJ 859 
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Rhododfodron  (oontinusd) 

[s  Azilea]  calendul2u:eum  (Flame  Azalea) 831,  837,  844 

canad^ae  (Rhodora) 839.  853 

carolinikniun  [=  R.  punctittun  in  part] 842,  859 

(This  is  a  low,  compact  Rhododendron  native  to  the  high  mountains  of  North  Carolina,  with 
broad  leaves  and  early  flowers  in  late  May  before  the  new  leaves  appear.  It  was  placed  on 
the  market  under  the  name  R.  pundatum.  The  real  R.  pundalum  is  a  taller,  looser-growing 
shrub,  native  to  lower  altitudes  from  North  Carolina  south,  with  narrower  leaves,  and 
flowers  that  bloom  a  month  later  than  those  of  R,  carciinianum  and  are  more  or  less  overtopped 
and  obscured  by  new  leaf  growth.  The  old  R.' punctatum  is  now  called  R.  minus.  [See 
Rhodora.  vol.  14.  No.  162.  June.  1912.]) 

[=  Azilea]  hinodeglrum.     (See  note  at  end  of  index) 84a,  854.  859 

[-  Asldeaj  k&mpferi  (Japanese  Azalea) 831.  837.  840 

[=  Azalea]  mucronul^tvm 837 

myrtif^lium 859 

[=  Azi^ea]  nudiflftrum  (Pinkster  Flower,  or  Wild  Honesrsudde).     (See  note  at  end  of  index) . .  837,  84a 
punctlitum.    See  R.  caroliniintmn. 

[=  Aziilea]  vikaeyii 837.  838 

[=  AzMea]  vi8c6sum  (Swamp  Azalea) 837.  846,  857 

wils^nii.     See  R.  arbutif61ium. 

Rhodora.    See  Rhodod^dron. 

Rhodot^pos  kerrioldes  (White  Kerria) 8a6,  831,  839 

Rhds  (Sumac) 824 

aromdtica.     See  R.  canadensis. 

canadensis  [=  R.  aiomitica]  (Fragrant  Sumac) 823.  826.  828.  838.  852,  855.  858 

copalHna  (Shining  Sumac) 823,  826 

c6tinua  (Smoke  Bush) 834.  848 

gULbra  (Smooth  Sumac) 823.  826 

hirta.    See  R.  t^phina. 

t^hina  [=  R.  hirta]  (Staghom  Sumac) 823.  825.  826.  844.  852,  856 

Rlbes 

alplnum  (Mountain  Currant) 823.  854 

adreum  [=  R.  odor&tum]  (Buffalo.  Flowering,  or  Missouri  Currant) 823,  824,  838 

c^reum 840 

fl6ridum  (Wild  Black  Currant) 8sfii 

lacdstre  (Swamp  Gooseberry) 856 

odor&tum.    See  R.  atireum. 

pinetdrum 840 

Robfnia 

hfspida  (Rose  Acacia) 844 

pseildaduaa  (Common,  or  Black.  Locust) 815.  824,  844.  85a.  856 

Rock  Cress.    Su  Arabia. 

Rock  Cress,  Purple.    See  Aubri^tia. 

Rdsa 

blAnda 844 

canlna 844 

Carolina  (Swamp  Rose) 847,  857 

dimamdmea  (Cinnamon  Rose) 842 

fc6tida  (Austrian  Brier  Rose) 820 

foHida  var.  bfcolor  ((Copper  Austrian  Rose) 820 

fo6tida  var.  pl^na  (Persian  Yellow  Rose) 820 

hirrisonii  (Harrison's  Yellow  Rose) 820.  844 

hib6mica  var.  gr&vesii 844 

liUdda  (Glossy  Rose) 820.  824.  825.  826.  828.  845,  85a.  858 

multifl6ra 821,  831,  845,  850 

multifldra  var.  cathay^nsis 858 

nitida 82s,  826,  84s.  852 

rubigindsa  (Swectbrier) 8ai 

rug^sa  (Japanese  Rose) 821,  828,  844,  850 

rug6sa  var.  tiba 843 

setigera  (Prairie,  or  Michigan,  Rose) 8a8,  848,  850,  858 

spinoslssima  (Scotch  Rose) 828,  844 

spinosissima  var.  altiica  (Altai  Rose) 828.  843.  858 

wichuraiiLna  (Memorial  Rose) , 828,  848,  851.  852 

S8 
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Rose  Acacia.    See  Robinia. 

Rose.  Christmas.    See  HelUborus. 

Rose,  Guelder.     See  Vibiimum. 

Rose  Mallow.    See  Hibiscus. 

Rose  of  Shanm.    See  Hibiscus. 

Roses 8i9>  8ao.  831 

(See  also  Rbsa.) 

Rose.  Tausendschdn 8a8.  845.  850 

Royal  Pern.    See  Otmdnda. 

RClbus 

allegheni^nsis  (Blackberry) 823.  824 

cratsgrif61ius 853 

frutic6sus.    See  R.  spectdbilis  var.  pUna. 

Uspidus  (Swamp  Dewberry) 824.  852,  856 

linldinus.     See  R.  spectdbilis  var.  pUna. 

occident^lis  (Black  Raspberry,  or  Blackcap) 823,  824,  825 

odoriLtus  (Flowering  Raspberry,  or  Thimblebcrry) 823,  847.  856 

spectdbilis  var.  pl^na  [=  R.  frutic^sus,  or  R.  Unkiiinus] 852,  860 

Rudb6ckia 

bicolor  var.  sup^rba  (Black-eyed  Susan) 865 

ftilgida 87s.  888 

laciniita  var.  fl6re  pl^o  (CSolden  Glow) 866.  886 

speci^sa  (Coneflower) 873.  886 

8ubtoment6sa  (Sweet  Coneflower) 866,  876.  887 

trik)ba 875.  886 

Rtmning  Strawberry  Bush.    See  Bv6nymus. 

Rush,  Cat-tail.    See  T^ha. 

Rush.  Flowering.    See  Butdmus. 

Rye  Grass.    See  L61ium. 

Sagittiria  latif61ia  [=  S.  variabilis)  (Arrowhead) 879 

St.-John's-wort.    See  Hypericum. 

Silix  (Willow) 814.  81S 

Alba  (White  Willow) 820,  852 

Alba  var.  britsfosis  (Red  Willow) 825 

Alba  var.  vitclBna  (Yellow-tinged,  or  Golden,  Willow) 857 

babyl6nica  var.  rimulis  atireis 858 

cAprea  (Goat  Willow) 852 

cordjito 852,  857 

daphnoides 82s 

discolor  (Pussy  Willow) 836,  852,  857 

hteiilis  (Prairie  Willow) 856 

lauiifdlia.    See  S.  pentAndra. 

nigra  (Black  Willow) 857 

pentAndra  [=  S.  Iaurif61ia]  (Laurel-leaved  Willow) 858 

purpilrea 852 

serfcea  (Silky  Willow) 857 

tr<stis  (Dwarf  Willow) 836.  8ss*  858 

Salt  Tree.    See  Halimodtedxxm. 

SambClcus 

canadensis  (Common  Black  Elderberry) 821.  823.  846.  852.  857 

pClbens.    See  S.  racem6sa. 

racem^sa  [=  S.  pilbens]  (Red  Elderberry) 821,  823,  840,  8s7 

Sand  Cherry.    See  Pr^us. 

Sand  Myrtle.    See  D^ndrium. 

SAssafras  officinale  [=  S.  variif61ium]  (Sassafras) 823.  824 

Saxifraga  cordif61ia 871.  882 

Scarlet  Rimner  Bean.    See  Phas^lus. 

SchisAnthus  (Butterfly  Flower) 86s 

Sciad6pitys  vertidlUta  (Umbrella  Pine).     (See  note  at  end  of  index.) 813 

Sdlla  (Squill) 

campanulkta  [=  S.  hispAnica] ,..* 864 

campanuUkta  var.  Alba 864 
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SdUa  (eontinued) 

campanuljkta  var.  cdmea 864 

hispinica.    See  S.  caxnpanuU^ta. 

nutans  (BluebeU) 864 

sibirica 864.  881 

sibirica  var.  dlba 864.  881 

Scotch  Broom.    See  C^isus. 

Scotch  Heather.     See  Callibia. 

Scotch  Laburnum.    See  Labtknum. 

Scotch  Rose.    See  Rbsa. 

Sea  Lavender.     See  Stitice. 

Sedge.    See  Cknx. 

SMum 

itcn  (Stonecrop) 871,  88a 

spectdbile  (Showy  Stonecrop) 871,  889 

stoloniferum  (Purple  Stonecrop) 871,  886 

Senna.  Bladder.    See  Col&tea. 

Senna.  Wild.     See  Cissia. 

Shadbush.    See  Amelinchier. 

Shasta  Daisy.    See  Chrysdnthemum. 

Sheepberry.    See  Vibiimum. 

Sheph^rdia 

ars^tea  (Buffalo  Berry) 823 

canadensis  (Rabbit  Berry) 823 

Sflphium  ladni&tum  (Compass  Plant) 866,  886 

Smilax 

gladca 858 

rotundif61ia  (Conunon  Greenbier) 823,  850,  854.  856,  858 

Smoke  Bush.    See  Rhtis. 

Snapdragon.     See  Antirrhinum. 

Snowball.     See  Vibumtmi. 

Snowberry.    See  Symphoricdrpos. 

Snowdrop.     See  Galdnthus. 

Snowdrop  Tree.     See  Halteia. 

SoUnum  dulcam&ra  (Nightshade,  or  Bittersweet) 833 

Solidikgo  ((joldenrod) 

altissima 866,  869f  889 

cassia  (Blufr>8temmed,  or  Woodland,  (joldenrod) 874,  875,  876,  888 

canadensis 874,  880.  886 

jtincea 886 

lanceolAta 869,  888 

nemorklis 878,  888 

rfgida 888 

8emp6rvirens 880,  888 

speci6sa 87St  889 

virgadrea  var.  nkna 888 

Sophdra 

jap6nica  (Japanese  Pagoda  Tree) 849 

vicif61ia 845 

Sorbiiria 

[=  Spiral]  kitchinsonii 831,  848 

8orbif61ia 847 

S6rbus 

americ&na  (American  Mountain  Ash) 815.  821,  823,  843 

aucui>2Lria  (European  Mountain  Ash) 815,  821,  823,  843 

Sorrel  Tree.     See  Oxyd^ndrum. 

Sour  Gum.    See  N^ssa. 

Spatterdock.     See  Nymplufea. 

Speedwell.     See  Ver6nica. 

Spicebush.     See  Benzoin. 

Spindle  Tree.     See  Ev6nymu8. 

Spin^ 

iutchinsonii.    See  Sorb^ria  &itchinionii. 
dlba.    See  S.  salicifblia. 
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Spinki  (eontinusd) 

albifl6ra 8a8,  S48 

argiita 838,  858 

anincus  [=  ArdncuB  sylvteter]  (Goatabeard) 866,  867.  87s,  884 

bnUrdii  [=  S.  lenne&na] 83a,  848 

bracteAta .8a6.  843,  858 

bamilda,  Anthony  Waterer  var 828.  849 

caI16sa.    See  S.  iap6nica. 

cantoni^nsis  [=  S.  reevesiikna] 8a6.  841 

dotSglasii 848 

japdnica  (=  S.  calldsa] 829,  847 

3ap6nica.     See  Astilbe  jap6mca. 
lenneina.     See  S.  billirdii. 

lob^ta  [=  Filip^ndula  lobkta,  or  Ulmikna  riibra  var.  veniiksta]  (Queen  of  the  Prairie) 867.  885 

opnlifdlia.    See  OpuULster  opulif dliua. 

palmita  [=  Pilip^dula  purpi!ltea.  or  Ulm2uia  purpurea] 867.  876.  886 

pranif61ia  var.  fl6re  pl^o  (Bridal  Wreath) 834.  8a6,  832.  838 

reevesULna.    See  S.  cantoni^nsis. 

8alicif61ia  [=  S.  ^ba]  (Meadowsweet,  or  Queen  of  the  Meadow) 847.  856 

thi&nbeisii 826,  829,  838 

toment^sa  (Steeplebush,  or  Hardback) 829.  849.  856 

trilobJlta 841 

vanhoiittei  (Van  Houtte's  Spinca) 825,  826,  832,  841 

Spleenwort.  Ebony.     See  AspUnium. 

Spruce.     See  Picea. 

Spruce,  Douglas.    See  PBeudotst!lga. 

Squin.     See  Scflla. 

Staggerbush.     See  Andr6meda. 

Stdtice  latif61ia  (Sea  Lavender) 868.  888 

Steeple  Bell.    See  Campinula. 

Steeplebush.     See  Spirsbi. 

Stell&ria  holost^  (Easter  Bell) 870.  878.  882 

Stock.     See  Matthiola. 

Stok^sia 

cyan^  (Stokes*  Blue  Aster) 868,  887 

cyante  var.  ilba  (Stokes*  Aster) 886 

Stonecrop.    See  SMum. 

Strawbeny  Bush,  Running.     See  Bvdnymus. 

St^x  jap6nica 845 

Sumac.    See  Rhds. 

Summer  LHac.    See  Biiddleia. 

Stmilower.    See  HeliAnthus. 

Swamp  Loosestrife.    See  D^codon. 

Sweetbrier.    See  Rdsa. 

Sweet  Pern.    See  Myrica. 

Sweet  Flag.    See  Aoorus. 

Sweet  Gait.    See  Myrica. 

Sweet  Oum.    See  Liquid4mbar. 

Sweet  Pea.    See  L^thyrus 

Sweet  Pepper  Bush.    See  C^l^thnu 

Sweet  William.    See  Didnthus. 

Sycamore.    See  Pldtanus. 

Sycamore  Maple.     See  Acer. 

Symphoricdrpos 

racem6sus  (Snowberry) 8ao.  823.  8a6.  838,  848 

vulgaris  (Coralberry) 820.  823.  826,  829.  849.  852,  854 

S^plooos  cratsgoldes 821 

Syringa.    See  Philad^lphus. 

Syringa  (Lilac) 

afElnis 819.  838 

amurtosis '• 8*0 

chin^nsis  [=  S.  rothomagfesis]  (Rouen  Lilac) 819.  826.  843,  858 

I  [=  S.  rotbomag^nsis]  var.  41ba  (Rouen  Lilac) 841 
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Syrfnga  (continued) 

chin^nsis  [=  S.  rothomag^nsis]  var.  riibra  (Rouen  Lilac) 842 

eni6di 819 

girdldii 819 

h^nryi  var.  lut^e 819 

hyacinthifl6ra .• -  819 

jap6nica  (Tree  LDac) 811,  819.  846 

josike^ 819 

obl^ta ; 819.  824,  839 

pekindnsis 819 

p6rsica  (Persian  Lilac) 819,  841 

p6rsica  var.  ^Iba 835 

p6rsica  var.  riUbra  (Persian  Lilac) 83s.  842 

pub^ens 819 

rothomag^nsis.    See  S.  chin6nsi8. 

villdsa 819,  844 

vulgkris  (Common  Lilac) 819,  825.  826,  83s 

Tagites  signlLta  var.  pdmila  (Dwarf  Marigold) 86$ 

Tamarack. '  See  JArix. 

Tape  Weed.    See  Valtisnferia. 

Tasael  Flower.    See  Cac&lia. 

Tausendschdn  Rose.    See  Rose,  Tauaendschdn. 

T&xus 

bacdtta  var.  rep&ndens  (Dwarf  English  Yew) 8x7,  8x8,  860 

canadensis  (Oround  Hemlock,  or  American  Yew) 818,  853.  8ss 

cuspid^ta  (Japanese  Yew) 817,  8x8.  860 

cuspidiLta  var.  brevif61ia  (Dwarf  Japanese  Yew) 817,  8x8 

T6con^a  [=  Bign6nia]  radlcans  (Trumpet  Creeper) 849,  851,  856 

Thimbleberry.    See  Riibus. 

Thorn.    See  Crats^gus. 

Thrift.    See  Armaria. 

ThAya 

gigantki  (Giant  Arbor  Vitae,  or  Red  Odar  of  the  West) 860 

japdnica  (Japanese  Arbor  Vitae) 860 

occidentilis  (Arbor  Vitae,  or  White  C^edar) 8xx,  8x3,  814.  8x7 

1=  Bidta]  oricntilis  (Oriental  Arbor  Vitae) 813 

Tiger  Lily.    See  Lflium. 

Tflia  (Linden,  or  Basswood) 824 

americ^na  (BaMwood.  or  American  Linden) 81  x.  847 

europeki  (European  Linden) 8x1.  816.  847 

petioliris  (Weeping  Silver  Linden) 812,  847,  858 

platyph^llos 847 

vulgaris 847 

T6xylon  pomiferon  [=  Macliira  aurantlaca]  (Osage  Orange) 852 

Trailing  Arbutus.    See  Epigibt. 

Trailing  Christmas  Green.    See  Lycop6dium. 

Tree  Andromeda.     See  Oxydtodnim. 

Tree  of  Heaven.    See  AiWnthus. 

Tree  Peony.    See  Paednia. 

Trembling  Aspen.    See  P6imlus. 

Trif61ium  ripens  (White  Clover) 862 

Tritoma.    See  Kniph6fia. 

Tr611ius  europakis  (Globeflower) 868,  876,  882 

Tropek>lum  (Nasturtium) 855 

Tnmipet  Creeper.     See  T6coma. 

Tsiiga 

canad^sis  (Hemlock) 8ix,  8x2,  813,  823,  855,  860 

canadensis  var.  i>6ndula  (Weeping  Hemlock) 81  a 

carolini&na  (Southern  Hemlock) 860 

Tulip  (Tulipa) 863,  873.  88x,  882 

Tulip  Tree.    See  Liriod^ndron. 

Tupelo.    See  N^ssa.- 

Tussil^  fdrfara  (Coltsfoot) 877,  881 
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Th)ba  latif61ia  (Cat-tail  Rush) 879 

UlmiUia.    See  Sinrakt  lob^ta  and  S.  palm&ta. 

Clmus  (Elm) 

americina  (Axnerican,  or  White,  EUn) 8ia,  8x5.  816,  833.  834.  836.  857 

camp^stris  (English  Elm).     (See  note  at  end  of  index.) 823 

ackbra  (Scotch  Elm) ! 823 

Umbrella  Pine.    See  Sciaddpitys. 

Vacdnium 

corymb66um  (High  Bush  Blueberry) 821,  823.  824.  841,  855.  858 

pennsylvinicum  (Early  Low  Blueberry) 824,  826.  838.  853.  854.  858 

Vallisn^ria  spiridis-  (Belgrass,  Tape  Weed,  or  Wild  Celery) 880 

Varnish  Tree.    See  Koelreut^ria. 

Verbena 86s 

Ver6nica 

longifMia  var.  subs^ssilis  (SpeedweU) 868.  888 

rup6stri8  (Rock  Speedwell) 870.  875.  878,  883 

Vibtimum 

aceri{61ium  (Maple-leaved  Viburnum,  or  Dockmackie) 820,  823,  824.  826,  829.  84s,  855,  858 

alnif61ium  [=  V.  lantanoldes]  (Hobblebush).     (See  note  at  end  of  index.) 840 

cdrlesii 840.  858 

cassinoides  (Withe-xod) 821.  826,  845.  857 

dentjktum  (Arrowwood) 821,  823.  826,  835,  845.  857 

dilitiltum 8S7 

lantiina  (European  Wayfaring  Tree) 821,  823,  8a6,  840 

lantanoldes.     See  V.  alnifdlium. 

lent^  (Nannyberry,  or  Sheepberry) 8x1.  821,  823,  826,  835.  843,  857 

m611e.     See  V.  ven6sum. 

6pulus  (High  Bush  Cxanberry,  or  Cuelder  Rose) 821,  823.  826.  835,  843 

6pul\is  var.  njknum 826 

6pu]t]8  var.  sterile  (Common  Snowball).     (See  note  at  end  of  index.) 841 

pliclLtuni  [=  V.  toment^sum  var.  dilitkttun]  (Japanese  Snowball) 843 

prunif61ium  (Black  Haw) 81 1.  8ai.  823.  826,  841.  858 

pub^soens  (Downy  Arrowwood) 823,  824,  8a6,  843 

rhytidoph^llum 860 

si^boldii 843 

tomentteum 823.  841 

toment6sum  var.  dilit&tum.     See  V.  plidk,ttmi. 

ven66um  [=  V.  m611e] 823,  846 

wrlghtii 82X,  8a6,  84a 

Villdrsia.    See  Linmdnthemum. 

Vfnca 

minor  (Blue  Myrtle,  Myrtle,  or  Periwinkle) 840,  849,  852,  854.  870.  883 

minor  var.  ^ba 882 

Viola 

comiita  (Homed  Violet,  or  Tufted  Pansy) 870.  872,  882 

tricolor  ((Common  Pansy) 865,  870,  872,  873.  877f  882 

Violet.     See  Viola. 

Violet,  Dogtooth.    See  Brythr6nium. 

Virginia  O^wslip.    See  Mert^nsia. 

Virginia  Creeper.    See  Ampel6p8is. 

Virgin's  Bower.    See  Clematis. 

Vltcx  indsa 849 

Vltis  ((jrape) 823,  824,  852 

coign6tise  (Crimson  Glory  Vine) 824,  850,  858 

Walnut.  Black.    See  JC^lans. 

Washington  Thorn.    See  Crataegus. 

Water  Arum.    See  Cdlla. 

Water  Lily.    Su  Nymphifea. 

Water  Weed.     See  Anicharis. 

Wax  Myrtle.    See  Myrtca. 

Wayfaring  Tree,  European.    See  Vibiimum. 

Weigela.    See  Diervilla. 
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White  Fringe.    Su  Chioninthus. 

White  Kerria.     Set  Rhodot^pos. 

White  Variegated  Nettle.    See  L4mitim. 

Whitewood.     Su  Liriod^ndron. 

Wild  Celery.     See  VaUisniria. 

Wild  Cucumber.     See  Micr&mpelis. 

Wild  Honeysuckle.     See  Rhododendron. 

Wild  Olive.     See  Elcignus. 

Wild  PoUto  Vine.     See  Ipomdba. 

Wild  Senna.     See  Obsia. 

Willow.     See  SiOix. 

Windflower.  Japanese.     See  Anem6ne. 

Winged  Evonymus.     See  Ev6nymu8. 

Winter  Aconite.     See  Erinthis. 

Winterberry.     See  Ilex. 

Wintergreen.    See  Gaulth^ria. 

Wistaria.    See  Wistaria. 

Wistaria 

chin^nsis  (Wistaria) 84?,  849.  851 

chin^nsis  var.  dlba 842 

Witch-hazel.    See  Hamam^lis. 

Withe-rod.    See  Vibdmum. 

Woodbine.     See  Ampeldpsis. 

Wood  Grass.    See  BriAnthus. 

Wood  Meadow  Grass.    See  Pfta. 

Woodwax.     See  Genista. 

Xanthorrhlza  apiif^lia  (Yellowroot).     (See  note  at  end  of  index.) ^ 853.  85s 

Yarrow.    See  Achilla. 

Yellowroot.     See  Xanthorrhlza. 

Yellowwood.    See  Cladr&stis. 

Yew.     See  Tdxus. 

Ydcca  filamentdsa  (Adam's  Needle) 848 

Zenbbia.    See  Andr6meda. 

Zinnia 865 


NOTB. — ^The  following  errata  should  be  noted.     The  words  are  misspelled  in  the  text  of  the  bulletin, 
but  are  corrected  in  the  index. 

Pages  871.  883.    For  Aster  alpinus  var.  alba  read  Aster  alpinus  var.  albus. 

Pages  872,  883.    For  Callirrhoft  read  CallirhoA. 

Page  8x1.    For  Cercidyphyllum  read  Cercidiphyllum. 

Page  857.    For  Cotoneaster  franchettii  read  Cotoneaster  franchetii. 

Page  817.    For  Evonymus  radicans  var.  carrieri  read  Evonymus  radicans  var.  carrierei. 

Page  884.    For  Hieraceum  read  Hieracium. 

Pages  818,  853.    For  Juniperus  communis  var.  adpressa  read  Juniperus  communis  var.  depressa. 

Page  880.    For  Limnathemum  read  Limnanthemum. 

Pages  843,  854,  859.    Fcr  Rhododendron  hinodegira  read  Rhododendron  hinodegirum. 

Pages  837,  842.    For  Rhododendron  nudiflora  read  Rhododendron  nudiflonun. 

Page  813.    For  Sdadopytis  read  Sciadopitys. 

Page  833.    For  Ulmus  campestre  read  Uhnus  campestris. 

Page  840.    For  Viburnum  alnifolia  read  Viburnum  alnifolium. 

Page  841.    For  Viburnum  opulus  var.  sterilis  read  Viburnum  opulus  var.  sterile. 

Pages  853,  855.    For  Xanthorhiza  read  Xanthorrhiza. 
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CORNELL    UNIVERSITY 

AGRICULTURAL    EXPERIMENT    STATION    OP 

THE   COLLEGE    OF   AGRICULTURE 

Department  of  Soil  Technology 


THE  CHEMICAL  ANALYSIS  OF  SOIL 

E.  O.  Pippin 

The  large  number  of  requests  for  analyses  of  samples  of  soils  sent  by 
residents  of  the  State  has  made  it  advisable  to  put  in  printed  form  a  state- 
ment of  the  policy  of  the  College  in  this  matter.  There  appears  to  be 
a  general  belief  on  the  part  of  persons  not  familiar  with  the  technic  of 
soH  investigation,  that  a  chemical  analysis  of  a  soil  is  in  itself  a  reliable 
guide  to  the  fertilizer  needs  of  that  soil,  to  the  kind  of  crops  adapted  to 
it,  and  to  its  general  treatment.  Unfortunately  this  is  not  the  case.  It 
is  the  policy  of  this  Department,  therefore,  not  to  make  chemical  anal- 
yses of  samples  collected  by  other  than  its  own  agents.  The  insufficiency 
of  a  chemiad  analysis  of  the  soil  when  unaccompanied  by  other  careful 
studies,  the  unreliability  of  samples  collected  by  persons  not  trained  in 
the  work,  and  the  limited  facilities  of  the  College,  make  the  analysis  of 
miscellaneous  soil  samples  an  unprofitable  expenditure  of  public  money. 

INSUFFICIENCY  OF   CHEMICAL  ANALYSIS 

Chemical  composition  of  soils  and  plants. — Chemical  analysis  deter- 
mines the  total  constituents,  or  some  proportional  amount  of  them,  which 
a  soil  contains.  The  total  amount  of  plant-food  constituents  in  the  nor- 
mal soil  is  large  in  comparison  with  the  amount  removed  by  an  average 
crop.  Plants  use  ten  elements  in  their  growth,  of  which  seven  are  obtained 
from  the  soil;  the  soil  elements  being  iron,  sulfur,  magnesitun,  calcitim, 
potassiiun,  phosphorus,  and  nitrogen.  Water  and  the  carbon  dioxide  of 
the  air  furnish  the  other  three  elements — hydrogen,  oxygen,  and  carbon. 

Potassium,  phosphorus,  and  nitrogen  have  been  termed  the  fertilizer 
constituents  because  the  addition  of  these  most  generally  serves  to  give 
increased  crop  growth.  The  object  of  a  chemical  analysis  of  samples  of 
soil  is  to  determine  whether  any  of  these  are  present  in  insufficient 
amounts.  The  following  table  shows  the  amount  of  the  most  important 
plant-food  constituents  in  a  normal  soil,  in  pounds  per  acre  of  soil  one 
foot  deep : 

TABLE  I.    Composition  of  Soil  (in  Pounds  per  Acre-foot) 


Nitro- 
gen 

Phos- 
phorus 

Potas- 
sium 

Cal- 
cium 

Magne- 
sitmi 

Normal  soil 

6,000 

1,600 

30,000 

24,000 

15,000 

[92 1 J 


Digitized  by  VjOOQ IC 


922 


Circular  No.  12 


The  quantities  of  the  same  constituents  used  by  some  of  the  common 
crops  are  shown  in  Table  2.  They  appear  small  in  comparison  with  the 
amounts  given  in  the  first  table. 

TABLE  2.    Composition  of  Crops  (in  Pounds  per  Acre) 


Com  grain,  50  bushels. . 
Com  stover,  i .  5  tons .  . 
Wheat  grain,  25  bushels 
Wheat  straw,  i .  75  tons ; 

Clover  hay,  2  tons 

Potatoes,  150  bushels.  . 
Apples,  300  bushels .... 
Apple  leaves,  2  tons. . . 


Nitro- 

Phos- 

Potas- 

Cal- 

gen 

phoms 

sium 

cium 

50.0 

8-5 

9  5 

i.o 

24.0 

3.0 

26.0 

10. 0 

35.5 

6.0 

6.5 

1.0 

12.5 

2.0 

22.5 

7.0 

80.0 

10. 0 

60.0 

45  0 

32.0 

6.5 

45  0 

2.0 

24.0 

2.5 

28.5 

1.0 

300 

3-5 

27.0 

50.0 

Magne- 
sium 

30 
50 
2.0 

30 

17.0 

30 

2.0 

13-0 


The  elements  in  the  soil  are  chemically  combined  in  the  mineral  par- 
ticles and  in  the  organic  matter,  and  only  a  small  proportion  is  in  the 
soluble,  or  available,  form  at  any  one  time.  By  a  chemical  analysis  the 
total  amount  of  any  particular  constituent  present  can  be  determined; 
but  neither  by  this  nor  by  any  other  laboratory  determination  can  be 
indicated  what  part  of  this  total  is  available  to  plants  as  the  soil  lies  in 
the  field. 

Relation  between  chemical  analysis  and  fertilizer  response, — ^Experience 
covering  many  years,  and  on  a  great  variety  of  soils,  has  shown  that  a 
laboratory  determination  of  the  availability  of  a  soil  is  not  often  a  reliable 
guide  to  the  kind  of  fertilizer  to  which  crops  respond  on  that  soil  in  the 
field.  The  deficiencies  of  certain  constituents  such  as  nitrogen  and  lime 
are  frequently  indicated  by  the  physical  characteristics  of  the  soil.  The 
absolute  deficiency  of  other  constituents  is  rare  and  does  not  warrant 
the  College  in  making  a  chemical  analysis  in  order  to  settle  this  point. 

Other  factors. — Several  other  factors  may  have  much  more  influence 
on  the  productiveness  erf  the  soil  than  does  the  amount  of  plant-food  con- 
tained. The  moisture  supply  may  be  poorly  regulated;  there  may  be 
too  much  or  too  little  at  certain  seasons.  Lime  may  be  needed  to  sweeten 
the  land,  organic  matter  may  be  deficient,  the  tilth  may  be  bad.  All  these 
factors  determine  the  availability  to  the  crop  of  the  food  in  the  soil,  and 
should  first  be  adjusted  so  far  as  possible.  This  is  necessary  even  when 
fertilizers  are  used. 

UNRELIABILITY  OF  SAMPLES 

A  very  small  quantity  of  soil,  only  a  fraction  of  an  ounce,  is  used  in 
chemical  analysis.  It  is  therefore  of  the  utmost  importance  that  samples 
for  analysis  be  taken  with  the  very  greatest  care  in  order  that  they  may 
fairly  represent  the  field  or  the  farm.  Samples  taken  by  an  inexperienc&i 
person  are  very  unlikely  to  be  fairly  representative. 

Samples  for  analysis  should  be  taken  by  a  person  who  is  experienced 
in  collecting  such  material  and  who  knows  the  physical  characteristics 
of  the  land.  The  geology  of  the  region,  the  physical  characters  of  the 
soil,  the  topography,  the  vegetation,  the  drainage  conditions,  and  the  past 
treatment  with  respect  to  crops,  tillage,  and  manures,  all  determine  the 
reliability  of  samples. 
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THE  limited  facilities  OF  THE  COLLEGE  LABORATORIES 

The  cost  of  making  a  chemical  analysis  of  a  soil  is  large,  in  time,  in 
materials,  and  in  equipment.  To  make  a  complete  analysis  requires  the 
work  of  a  highly  trained  chemist  for  about  ten  days.  A  complete  deter- 
mination on  one  sample  alone  therefore  costs  $20  to  $50,  according  to 
the  number  run  at  one  time. 


Pig.  I. — Diagram  representing  the  essential  factors  in  a  fertile 
soil  in  the  order  in  which  t)^y  should  be  adjusted,  beginning 
at  the  bcLse, 

The  funds  of  the  College  for  this  puipose  are  very  limited,  owing  to 
the  many  other  lines  of  work  that  are  being  conducted. 

In  order  that  the  results  may  be  of  the  widest  application,  such  funds 
as  are  available  for  the  analysis  of  soils  are  beUeved  to  be  best  expended 
in  systematic  investigation  of  the  chemical  characteristics  of  samples  of 
soil  carefully  selected  by  agents  sent  by  the  College,  so  that  the  samples 
are  fairly  representative  of  large  areas.  The  supplementary  data  are 
collected  in  the  same  careful  manner.     This  investigation  of  the  chemical 
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character  of  the  soil  is  part  of  a  general  investigation,  now  in  progress, 
of  the  properties  of,  and  the  methods  of  handling,  the  soils  of  the  State. 

In  considering  the  improvement  of  any  piece  of  land,  the  following 
factors  should  receive  attention  and  must  be  properly  adjusted  before  either 
the  natural  store  of  food  in  the  soil  or  the  food  added  in  fertilizers  can 
be  made  most  readily  available  to  crops: 

.  Moisture  supply, — On  a  large  part  of  the  land  in  New  York  this  re- 
quires some  drainage — underdrainage  by  means  of  tile.  It  generally 
riieans  careful  surface  tillage  in  order  to  enable  the  land  to  hold  and  con- 
serve moisture,  and  on  very  light  gravelly  soil  it  may  mean  irrigation. 

Lime, — For  the  majority  of  crops,  and  especially  for  the  common 
legumes — clover  and  alfalfa — a  sweet  soil  is  necessary.  Lime  is  used 
in  order  to  bring  about  this  condition,  and  is  most  likely  to  be  needed  on 
land  long  cultivated.  If  clover  and  blue  grass  do  not  thrive  where  sorrel 
and  daisy  are  common,  there  is  strong  evidence  of  the  need  of  lime. 

A  good  supply  of  decayed  organic  mattery  humus,  indicated  by  a  dark 
color,  is  essential  to  the  normal  New  York  soil.  Stable  manure  and  green 
manures  give  this  condition. 

Deep,  careful  plowing,  thorough,  clean,  level  tillage,  and  the  use  of  the 
dust  mulch  on  hoed  crops,  are  essential.  Where  these  conditions  are  fully 
met,  the  use  of  fertilizers  is  minimized  and  often  rendered  unnecessary. 

The  only  reliable  method  of  determining  the  fertilizer  needs  of  a  soil 
is  by  field  plot  tests,  using  (fifferent  materials  in  different  combinations 
for  several  years.  Until  such  definite  information  is  available,  one  must 
be  guided  in  the  selection  of  a  fertilizer  by  the  appearance  of  the  soil 
and  the  characteristics  of  the  crop  to  be  grown.  The  safest  policy  is 
to  use  a  complete  fertilizer  of  a  high  grade.  The  composition  most 
generally  applicable  is  a  fertilizer  containing  two  to  four  per  cent  of 
nitrogen,  nine  to  eleven  per  cent  of  phosphoric  acid,  and  three  to  five 
per  cent  of  potash.  The  quantity  applied  must  be  gauged  by  the  value 
of  the  crop  as  well  as  by  the  condition  of  the  soil.  Crops  of  low  value 
will  warrant  the  application  of  only  small  quantities — one  to  three 
himdred  pounds  to  an  acre.  Crops  of  higher  value  will  warrant  the 
use  of  correspondingly  larger  quantities  of  fertilizer. 

The  following  books  will  be  found  to  contain  much  useful  information 
for  the  average  farmer,  on  the  character  and  composition  of  soils,  ferti- 
lizers, and  manures,  and  on  the  handling  of  the  land : 

Fertilizers  and  crops.    By  L.  L.  Van  Slyke.     Orange  Judd  Company. 

$2.50. 
First  principles  of  soil  fertility.    By  Alfred  Vivian.  Orange  Judd  Company. 

$1. 
Soil  fertility  and  permanent  agriculture.    By  C.  G.  Hopkins.    Ginn  & 

Co.     $2.25. 
Manures  and  fertilizers.    By  H.  J.  Wheeler.  The  Macmillan  Company. 

$1.60. 
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THE  COLLEGE  OF  AGRICULTURE 

Department  of  Animal  Husbandry 

Bxtension  Service 

THE  CURING  OF  MEAT  AND  MEAT  PRODUCTS  ON  THE  FARM 

K.  J.  Seulke 

The  practice  of  curing  meat  has  been  followed  for  centuries.  With 
each  succeeding  year  new  forms  and  varieties  of  cured  meats  are  found 
on  the  market,  but  the  principle  tmderlying  the  process  of  curing  is 
practically  the  same  as  at  the  beginning.  The  only  difference  is  in  the 
resulting  flavor  and  appearance  of  the  product  and  in  the  containers 
used,  with  a  slight  variation  also  in  the  ingredients. 

The  primary  object  in  curing  meats  is  to  preserve  them  for  future 
use,  but  their  flavor  and  palatability  may  be  improved  at  the  same  time. 
Meats  that  are  unpalatable  and  tmattractive  in  the  fresh  state  may  be 
groimd,  seasoned,  and  partially  cooked;  thus  treated  they  are  greatly 
improved  in  quality,  and  may  have  gained  in  digestibility  although  this  is 
not  always  the  case. 

On  the  farm  but  few  kinds  of  cured  meats  are  used.  Pork  is  practically 
the  only  meat  treated  in  this  way.  The  aim  is  too  often  merely  to  pre- 
serve the  meat,  and  flavor  and  palatability  are  not  considered.  For  the 
sake  of  variety,  it  would  be  well  to  spend  a  little  time  in  curing  meats 
other  than  pork.  The  object  in  presenting  this  circular  is  to  cSscuss  a 
few  of  the  commoner  cured  meats  and  meat  products,  and  to  give  direc- 
tions for  preparing  them  on  the  farm. 

KEEPING  FRESH  MEAT 

Since  certain  parts  of  the  animal  carcass  are  more  valuable  in  the  fresh 
state  than  when  preserved,  it  may  be  well  to  consider  the  various  methods 
of  keeping  fresh  meat  before  taking  up  methods  of  curing. 

All  meat  to  be  preserved,  either  fresh  or  cured,  should  be  thoroughly 
cooled  after  the  animal  is  slaughtered,  for  unless  this  is  done  the  meat 
will  not  cure  well  nor  will  it  be  possible  to  keep  it  in  a  fresh  state  for  any 
length  of  time. 

In  cold  weather  meat  may  be  kept  by  hanging  it  in  a  dark,  cool  place, 
where  dogs,  cats,  and  rodents  cannot  reach  it.  If  a  temperature  below 
40**  F.  is  maintained,  meat  may  be  kept  for  weeks;  but  with  the  tem- 
perature alternating  between  low  and  high,  it  will  not  keep  well.  Meat 
that  is  frozen  will  keep  indefinitely  so  long  as  it  remains  frozen.  Alternate 
freezing  and  thawing  will  spoil  the  flavor  and  cause  early  decomposition. 

I93S1 
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It  is  important  that  the  meat  be  kept  in  a  place  where  the  air  is  dry. 
A  dark,  cool  cellar,  or  an  attic  that  is  dry  and  free  from  odors,  is  the  proper 
place  for  keeping  meat  on  the  farm. 

Meat  packed  in  snow  may  be  kept  for  a  considerable  length  of  time. 
The  meat  should  first  be  frozen  hard.  After  it  is  frozen  an  earthen  jar 
or  a  barrel  should  be  provided,  and  a  thick  layer  of  snow  should  be  tamped 
tightly  in  the  bottom  of  this.  On  the  snow  a  layer  of  meat  is  packed, 
and  covered  with  another  layer  of  snow.  Care  must  be  taken  to  have 
a  thick  layer  of  snow  between  the  meat  and  the  inner  surface  of  the 
receptacle.  Another  layer  of  meat  is  then  put  on,  and  another  layer 
of  snow,  and  so  on  until  all  the  meat  is  packed  or  the  jar  is  almost  full, 
when  a  heavy  covering  of  snow  should  be  put  on  top  and  covered  with 
a  block  or  some  other  object  in  order  to  keep  out  rats  and  mice.  The 
meat  may  be  taken  out  as  needed,  and  the  snow  should  be  repacked  on 
top  each  time. 

Another  method  that  is  commonly  used  with  pork  and  sausage  is  to 
partly  cook  the  meat  by  frying  it  on  both  sides,  pack  it  in  a  jar,  and  pour 
hot  lard  over  it  in  order  to  seal  the  whole  and  keep  out  air.  The  meat 
may  be  taken  out  as  needed.  Care  should  be  taken  each  time  to  mdt 
the  lard  that  is  taken  off,  and  to  pour  it  back. 

CURING  MEATS 

As  has  already  been  stated,  meat  should  be  thoroughly  cooled  before 
it  is  cured.  It  is  equally  important,  however,  that  the  meat  shall  not 
be  in  a  frozen  condition,  for  if  it  is  frozen  the  brine  or  pickling  solution 
cannot  penetrate  freely  and  the  meat  will  not  be  of  even  flavor  through- 
out. 

Vessels 

The  vessels  used  for  curing  meats  are  of  various  sorts  and  sizes,  depend- 
ing on  the  amount  of  meat  to  be  cured  and  the  expense  to  which  the 
owner  cares  to  go. 

Large  earthen  jars  or  crocks  give  the  best  results,  but  these  are  some- 
what expensive  —  eight  to  ten  cents  per  gallon  of  capacity  —  and  they 
are  very  easily  broken  if  not  carefully  handled. 

Tight  hardwood  barrels  may  be  used.  New  barrels  or  barrels  that 
have  contained  molasses  should  be  used,  never  vinegar  or  kerosene  barrels 
unless  they  have  been  burned  out  on  the  inside.  If  molasses  barrels  are 
used  they  should  be  thoroughly  scalded  before  using. 

Chemicals  used  as  preservatives 

The  principal  preservatives  used  are  salt,  sugar,  and  molasses,  and 
their  combinations.  Chemicals  forbidden  by  law  and  those  known  to 
have  a  bad  effect  on  health  should  not  be  used. 

Salt  preserves  meat  through  its  astringent  and  slightly  germicidal 
action.  It  hardens  the  muscle  fibers  and  draws  the  moisttu«  from  the 
meat. 

Sugar  and  molasses  have  an  almost  opposite  effect.  They  cause  the 
retention  of  the  moisture  of  the  meat,  and  keep  the  muscle  fibers  soft 
and  tender.    Therefore  salt  and  sugar  are  commonly  used  together,  as 
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the  sugar  gives  a  desirable  flavor  and  prevents  the  hardening  action  of 
the  salt. 

Saltpeter  is  often  used  to  retain  the  natural  reddish  color  of  the  meat. 
It  is  detrimental  to  health  and  should  be  tised  sparingly  if  at  all. 

.     directions  for  curing  meats 
Park 
Sugar-cured  hams,  bacons,  and  tongues 

Method  7. —  After  the  meat  has  been  thoroughly  cooled,  the  carcass 
may  be  cut  up  and  cured.  Sugar-cured  pork  is  preferable  to  dry-cured 
pork  or  plain  salt  pork  because  of  its  pleasant  flavor  and  because  the 
meat  is  not  so  dry  and  hard.  Beef  tongues  may  be  cured  in  the  same 
pickle  with  the  pork.  All  the  pork  carcass  may  be  cured  except  the  loins» 
which  are  Hsed  fresh  for  chops  and  roasts,  the  spareribs,  which  are  used 
fresh,  and  the  trimmings,  which  are  used  for  lard  and  sausage.  The  hams, 
shoulders,  and  bacons  are  sugar-cured,  and  the  fat  backs  are  dry-cured 
or  pickled  in  a  plain  salt  pickle. 

Before  the  meat  is  placed  in  pickle  or  salt,  all  comers  and  ragged  edges 
should  be  cut  off  and  used  for  sausage  and  lard.  If  they  are  left  on  they 
will  be  wasted,  for  they  will  be  thoroughly  soaked  by  the  pickle  and 
will  be  of  no  use. 

Rub  the  pork  thoroughly  with  salt  and  pack  it  in  a  cool  place  over  night. 
The  next  day  pack  it  in  a  barrel  or  an  earthem  jar,  with  the  heaviest 
hams  and  shoulders  at  the  bottom,  the  Ughter  hams  and  shoulders  next, 
and  the  bacons  and  tongues  at  the  top. 

For  every  100  pounds  of  meat  weigh  out  10  pounds  of  salt,  2J  poimds 
of  brown  sugar,  and  2  ounces  of  saltpeter.  Rub  these  together  thoroughly, 
taking  care  that  the  saltpeter  is  finely  powdered.  Dissolve  the  whole 
by  stirring  it  into  4  gallons  "of  boiling  water.  Allow  this  brine  to  cool 
thoroughly,  and  then  pour  it  over  the  meat.  If  it  does  not  entirely  cover 
the  meat,  add  more  water.  The  brine  should  cover  the  meat  at  all  times. 
The  meat  may  be  weighted  down  with  a  block  if  necessary,  for  if  it 
is  not  covered  the  projecting  meat  will  decompose  in  a  short  time. 

If  the  brine  shows  signs  of  fermenting  during  the  curing  process,  it 
should  be  drawn  ofiF,  boil^,  and  cooled,  and  then  poured  back  on  the  meat. 

The  bacons  and  tongues  may  be  taken  from  the  pickle  after  four  to 
six  weeks,  and  after  being  washed  in  warm  water  they  may  be  hung  in  the 
smokehouse  and  smoked.  The  Ughter  hams  and  shoulders  will  be  ready 
to  take  out  of  the  pickle  in  six  to  eight  weeks,  and  the  heavier  ones  at 
the  end  of  the  eighth  week. 

Method  IL —  Mother  recipe  for  sugar-cured  hams,  bacons,  and  tongues 
that  has  given  good  results  is  as  follows: 

Pack  the  thoroughly  cooled  meat  in  a  cool,  dry  place,  on  a  table  that 
has  previously  be«i  covered  with  a  layer  of  salt.  Sprinkle  salt  over 
each  piece  of  meat,  and  add  alternate  layers  of  meat  and  layers  of  salt 
until  all  is  packed. 

Allow  the  meat  to  remain  in  the  salt  for  eight  to  ten  days,  and  then 
wash  off  the  salt  with  lukewarm  water.  The  meat  is  now  ready  to  go 
into  the  pickle,  which  is  mixed  as  follows:  To  18  gallons  of  water  add 
5  pounds  of  brown  sugar,  a  small  handful  of  saltpeter,  and  i  tablespoonful 
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of  ginger.  Stir  the  mixture  tintil  the  solids  are  all  dissolved,  and  then  stir 
in  12  pounds  of  salt.  Stir  until  all  the  salt  is  dissolved.  This  amount 
can  be  increased  or  decreased  according  to  the  amoimt  of  meat  to  be 
pickled.  Ordinarily  one  fourth  of  this  mixture  will  be  enough  for  100 
pounds  of  pork. 

The  pickle  should  test  75**  with  the  hydrometer  test.  If  a  hydrometer 
is  not  at  hand,  drop  a  fresh  egg  into  the  pickle;  if  the  egg  floats  almost 
submerged,  the  brine  is  of  the  proper  strength. 

Pack  the  meat  in  a  barrel  or  a  jar,  with  hams  and  shoulders  weighing 
over  10  pounds  on  the  bottom,  those  weighing  less  than  10  pounds  next, 
and  the  bacon  strips  and  tongues  on  top.  Pour  the  brine  over  the  meat 
so  that  it  is  all  covered,  and  weight  it  with  a  block  so  that  none  of  the 
meat  projects  from  the  brine. 

The  bacons  and  tongues  may  be  removed  from  the  brine  at  the  end  of 
three  weeks,  the  lighter  hams  and  shoulders  at  the  end  of  five  weeks, 
and  the  heaviest  ones  after  six  to  seven  weeks.  After  the  meat  is  removed 
from  the  brine  it  should  be  washed  in  warm  water  in  order  to  remove  the 
crust  of  brine  and  any  scum  that  may  have  formed,  and  after  drying  for 
an  hour  or  more  it  may  be  htmg  in  the  smokehouse  and  smoked. 

Brine  salt  pork 

Pack  thoroughly  cooled  pork  in  a  barrel  or  a  jar  after  having  rubbed 
each  piece  with  salt.  The  following  day  weigh  out  for  each  100  pounds 
of  meat  10  pounds  of  salt  and  2  ounces  of  saltpeter.  Mix  these,  and 
dissolve  the  mixture  in  4  gallons  of  boiling  water.  Allow  this  brine  to 
cool  thoroughly,  and  then  pour  it  over  the  meat  in  the  barrel.  Place 
a  block  on  top  in  order  to  keep  the  meat  submerged. 

Fat  backs  are  ordinarily  used  for  salt  pork  cur«i  in  brine,  but  any  part 
of  the  carcass  may  be  cured  in  this  way.  The  meat  cures  best  when 
cut  in  strips  or  in  six-inch  squares. 

The  meat  should  be  left  in  the  brine  and  be  taken  out  as  needed. 

Dry-cured  pork 

To  dry-cure  meat  involves  more  work  than  to  brine-cure  it,  although 
it  is  a  little  less  expensive  in  some  cases.  It  is  less  difficult  to  merely 
salt  the  meat,  pack  in  a  jar,  and  pour  the  brine  over  it,  than  to  rub  the 
meat  several  times  with  the  dry  mixture.  Also,  the  brine-cured  meat 
is  not  so  dry  and  is  a  little  more  palatable.  Brine-cured  meat  can  be 
kept  anywhere  as  long  as  it  is  kept  cool;  dry-cured  meat,  on  the  other 
hand,  should  be  kept  in  a  cool,  moist  place,  in  order  to  insure  even  curing. 
With  brine-cured  meat  there  is  no  danger  from  rats  and  other  vermin; 
but  flies  must  be  kept  away  from  meat  cured  in  either  way. 

In  dry-curing  pork,  weigh  out  for  every  100  potmds  of  pork  6  pounds 
of  salt,  2 1  pounds  of  granulated  sugar,  and  2  oimces  of  saltpeter,  and 
mix  thoroughly.  Divide  the  mixture  into  three  portions.  Rub  one 
portion  on  the  meat  the  first  day,  and  pack  the  meat  in  a  barrel.  Leave 
it  for  three  days.  At  the  end  of  the  three  days  take  the  meat  out  of 
the  barrel,  rub  it  with  a  second  portion  of  the  mixture,  and  repack 
it.    Three  days  later  rub  the  meat  with  the  third  and  last  portion  of  the 
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mixture,  and  repack  it.    Let  it  stay  in  the  barrel  for  ten  to  fourteen 
days.     Then  remove  it,  wash  it  in  wann  water,  and  smoke  it. 

Pickled  pigs'  feet 

Take  well-scraped  pigs'  feet,  with  the  toes  removed,  and  soak  them 
in  cold  water  over  night.  The  next  morning  put  them  in  a  kettle,  add 
enough  water  to  cover  them,  and  let  them  cook  tmtil  soft.  This  will 
require  about  five  hours.  Salt  should  be  added  to  the  water  during 
the  cooking.  When  the  pigs'  feet  are  soft  remove  them  from  the  water, 
split  them,  pack  them  in  an  earthen  jar,  and  pour  hot  vinegar  over  them. 
Spices  of  various  kinds  may  be  added  to  the  vinegar  if  desired. 

Headcheese 

Headcheese  is  made  from  the  part  of  the  head  of  the  hog  that  would 
otherwise  be  wasted.  When  properly  prepared  it  is  a  delicacy.  The 
feet,  as  well  as  the  head,  may  be  used  for  this  piupose. 

Skin  the  hog's  head,  remove  the  eyes  and  the  brain,  and  split  the  head 
through  the  midline,  or  down  the  center  of  the  forehead  and  the  nose. 
Usually  the  jowls  are  removed  and  salted.  Put  the  head  pieces  into 
a  cooker,  add  enough  water  to  cover  the  meat,  and  boil  the  whole  until 
the  meat  parts  come  readily  from  the  bone.  Remove  the  meat,  separate 
it  from  the  bones,  and  chop  it  finely.  Remove  the  liquid  from  the  kettle 
and  save  it  for  further  use.  After  the  meat  is  chopped  return  it  to  the 
kettle,  pour  on  enough  of  the  liquid  to  cover  the  meat,  and  allow  it  to 
cook  for  ten  or  fifteen  minutes.  While  this  final  cooking  is  taking  place, 
season  the  mixture  with  salt  and  pepper  to  suit  the  taste. 

Put  the  cooked  meat  and  the  liquid  that  remains  into  jars,  pans,  or 
a  cold  meat  press,  place  a  weight  on  top,  and  allow  the  meat  to  cool. 
It  will  then  be  solid  and  can  be  sliced  and  eaten  immediately. 

iMrd 

Lard  is  made  from  the  fat  of  the  hog  carcass.  Three  grades  of  lard 
are  obtained  from  three  parts  of  the  body:  the  best  grade,  leaf  lard,  is 
made  from  the  leaf,  or  layer  of  fat  lying  inside  the  abdominal  wall;  the 
second  grade  is  made  from  the  backs,  the  sides,  and  the  pieces  trimmed 
from  the  various  cuts;  the  third  and  poorest  grade  is  made  from  the 
intestinal,  stomach,  and  pluck  fats.  The  last  is  much  stronger  than  the 
other  two  and  should  not  be  mixed  with  them.  On  the  farm  the  first 
two  grades  are  usually  made  together,  and  sometimes  all  three  are  made 
together. 

Cut  the  fat  into  bits  about  one  inch  square,  and  trim  out  all  particles 
of  meat  as  they  give  an  unpleasant  burned  flavor  to  the  lard  and  are 
the  first  to  scorch  if  the  kettle  become  too  hot.  Put  the  pieces  of  fat 
into  a  kettle,  and  add  a  little  water,  not  more  than  a  quart,  to  keep  the 
fat  from  burning  until  some  of  the  lard  has  melted. 

Keep  the  kettle  hot  until  the  cracklings  are  brown  and  rise  to  the  top. 
Skim  off  the  cracklings,  and  press  out  the  lard  that  remains  in  them. 
Draw  off  the  melted  lard,  and  add  a  little  baking  soda  to  help  whiten 
it.  The  lard  should  be  stirred  while  it  is  cooling,  in  order  to  make  it  as 
white  as  possible. 

59 
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Beef 
Beef  is  not  so  commonly  cured  as  pork;  but  when  corned  it  takes  the 
place  of  fresh  beef  during  periods  of  the  year  when  fresh  beef  does  not 
keep  well,  and  also  offers  a  method  of  preserving  part  of  the  meat  imtil 
it  is  needed  and  thus  saving  a  waste  or  loss  of  meat,  since  it  is  impossible 
for  one  family  to  use  an  entire  beef  carcass  in  the  fresh  state.  Dried 
beef  commands  a  high  price  on  the  market.  It  also  offers  a  method  of 
preserving  meat  for  future  use.  Jerked  beef  is  made  in  the  drier  regions 
of  the  West.  The  climate  of  New  York  State  is  not  dry  enough  nor 
warm  enough  to  cure  it  successfully,  and  it  is  not  so  palatable  as  dried 
beef. 

Corned  beef 

Method  7. —  Since  corned  beef  is  used  for  practically  the  same  dishes 
as  fresh  beef,  only  wholesome,  untainted  meat  should  be  used  for  this 
purpose.  NaturaUy,  the  choicer  the  meat  that  is  put  into  the  pickle, 
the  better  will  be  the  meat  that  comes  out.  The  cheaper  cuts  of  beef  are 
ordinarily  used  for  coming,  because  the  choicer  cuts  are  more  palatable 
in  a  fresh  condition.  Plate,  ffank,  shoulder,  chuck,  cross  ribs,  and  rump 
are  most  commonly  used  for  coming. 

Frozen  meat  should  not  be  put  into  the  brine;  neither  should  the  brine 
be  frozen  while  the  meat  is  in  it. 

Weigh  the  meat.  Cut  it  in  pieces  about  six  inches  square.  Place 
a  layer  of  salt  on  the  bottom  of  the  vessel  in  which  the  meat  is  to  be 
packed,  cover  this  with  a  layer  of  meat,  and  sprinkle  a  layer  of  salt  over 
the  meat.  Add  alternate  layers  of  meat  and  of  salt  tmtil  the  meat  is 
packed.  Seven  to  nine  pounds  of  salt  will  usually  be  enough  for  100 
pounds  of  meat.  Allow  the  meat  to  stand  in  the  salt  over  night.  On 
the  following  morning  make  a  brine,  using  5  pounds  of  sugar,  2I  ounces 
of  baking  soda,  and  3  ounces  of  saltpeter  for  every  100  pounds  of  meat. 
Dissolve  these  ingredients  in  4  gallons  of  boiling  water.  Allow  the  brine 
to  cool  thoroughly  before  pouring  it  over  the  meat.  If  more  or  less  than 
100  pounds  of  meat  are  to  be  cured,  use  these  proportions  for  the  brine. 
If  4  gallons  of  brine  does  not  entirely  cover  100  pounds  of  meat,  water 
may  be  added.  The  meat  should  be  weighted  down  with  a  block  or 
a  clean  stone,  since  any  part  that  is  not  covered  with  the  brine  will  de- 
compose very  quickly. 

If  the  brine  shows  signs  of  fermentation  in  warm  weather,  it  should 
be  drawn  off,  boiled,  strained  through  a  dean  cloth,  and,  after  it  is 
thoroughly  cooled,  poured  back  on  the  meat. 

The  brine  should  be  kept  in  a  cool,  dark  place.  At  the  end  of  thirty 
days  the  meat  will  be  ready  for  use.  If  the  pieces  are  larger  than  six 
inches  square,  a  longer  time  may  be  allowed,  according  to  the  size  of  the 
pieces. 

Method  II. —  The  same  formula  as  is  given  under  method  II  for  sugar- 
cured  hams  and  bacons  may  be  used  for  corned  beef  also. 

Pressed  corned  beef, —  After  the  corned  beef,  prepared  as  described 
above,  has  been  in  the  pickle  for  the  required  length  of  time,  it  may  be 
taken  out,  and,  after  the  brine  is  washed  off,  may  be  used  in  the  same 
way  as  fresh  beef.     If  desired,  it  may  be  made  into  pressed  corned  beef. 
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This  is  prepared  as  follows:  Remove  the  beef  from  the  pickling  solution, 
wash  it  with  warm  water,  and  place  it  in  a  kettle.  Keep  it  barely  covered 
with  water  at  all  times,  and  boil  it  for  two  hours.  Salt  and  pepper  may  be 
added  while  the  meat  is  cooking,  but  usually  there  is  enough  salt  in  the 
meat  from  the  brine.  Take  the  meat  from  the  kettle  and  pack  it  in 
pans  or  in  a  cold-meat  press.  Strain  the  broth  through  cheesecloth  or 
muslin  several  times,  replace  it  on  the  stove,  boil  it  down  to  one  half  its 
original  volume,  pour  it  over  the  meat  in  the  pans,  and  allow  the  whole 
to  harden  in  a  cool  place.  After  the  meat  has  hardened  it  may  be  sliced 
and  eaten  without  further  preparation. 

Dried  beef 

Dried  beef  is  usually  made  from  the  round,  although  any  heavily  muscled 
part  may  be  used  for  this  purpose.  The  inside  of  the  round  makes  the 
tendcrest  meat.  In  cutting  meat  for  dried  beef,  the  muscles  should  be 
separated  into  their  natural  divisions.  When  cured  and  smoked  in 
this  way  they  cati  be  sliced  across  the  grain,  and  the  meat  is  much  tenderer 
than  would  otherwise  be  the  case. 

A  jar  or  a  barrel  is  the  best  receptacle  in  which  to  pack  the  meat 
when  curing  it.  To  each  100  pounds  of  well-cooled  beef  weigh  out  6 
pounds  of  fine  salt,  3  pounds  of  granulated  or  brown  sugar,  and  2  ounces 
of  saltpeter.  Mix  these  thoroughly,  without  wetting,  and  divide  the 
mixture  into  three  portions.  Set  two  portions  away  for  future  use,  and 
rub  the  other  portion  into  the  meat.  Pack  the  meat  in  the  jar  and  leave 
it  for  three  days.  At  the  end  of  the  three  days  take  the  meat  from  the 
jar,  but  leave  in  the  jar  the  sirup  that  has  formed.  Rub  the  meat  with 
another  portion  of  the  mixture,  repack  it,  and  leave  it  for  three  days. 
Remove  it  from  the  sirup,  rub  it  with  the  last  portion  of  the  mixture,  and 
repack  it  in  the  sirup  in  the  jar.  After  three  days  remove  the  meat  and 
hang  it  in  the  smokehouse,  where  it  should  be  smoked  until  it  is  dry.  It 
should  then  be  kept  in  a  dry  place  until  it  is  used.  The  longer  it  is 
smoked  and  the  drier  it  is  kept,  the  longer  it  will  remain  good. 

Pickled  beef  tongues 

The  recipe  given  for  sugar-cured  hams  and  bacons  may  be  used  also 
for  pickling  beef  tongues. 

Mutton  and  lamb 
Mutton  and  lamb  are  seldom,  if  ever,  cured  on  the  farm.    In  the  larger 
packing  houses,  mutton  is  sometimes  partly  cured  in  a  plain  salt  pickle, 
and  then  cooked  and  packed  in  cans,  which  are  soldered  shut  while  the  meat 
is  still  hot. 

Domestic  sausages 
Sausage  has  been  made  for  centuries.  Its  origin  is  said  to  have  been 
traced  to  the  ancient  Egyptians.  Whether  this  is  true  or  not,  at  least 
it  is  known  that  centuries  2^0,  in  Europe,  because  of  low  wages  and  the 
high  price  of  meat  the  poorer  classes  were  compelled  to  use  the  cheaper 
grades  of  meat.    These  they  soon  learned  to  make  into  sausages  of  different 
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kinds,  which  were  more  palatable  than  the  nieat  from  which  they  were 
made  and  cotdd  be  preserved  for  a  considerable  length  of  time. 

Very  good  sausages  can  be  made  from  the  scraps  that  wotild  otherwise 
be  wastai  in  the  butcher  shop  and  on  the  farm.  Such  pieces  as  cheeks, 
trimmings,  jowls,  pork  hearts  and  tongues,  mutton  hearts  and  tongues, 
and  many  other  scraps  that  are  seldom  used  fresh,  will  make  a  very  pala- 
table sausage  and  will  serve  for  this  purpose  as  well  as  any  other  meat. 

Besides  using  scraps  of  meat  and  meat  from  poor  and  tough  carcasses, 
the  sausage  maker  also  adds  to  his  sausage  such  fillers  as  starch,  potato 
flour,  rice  flour,  com  meal,  wheat  flour,  and  buckwheat  flour.  The  pur- 
pose of  these  fillers  is  to  cut  down  the  cost  and  the  shrink,  and  to  give  a 
body,  or  solidity,  to  the  satisage.  This  can  be  done  on  the  farm  if  it  is 
deemed  advisable. 

Preservatives 

Preservatives  of  diflferent  kinds  are  used  in  the  packing  house,  in  order 
to  prevent  the  decomposition  of  sausage  meat  when  it  is  to  be  held  for 
some  time  after  it  is  groimd  and  before  it  is  put  into  casings  or  sold.  On 
the  farm  this  is  seldom  the  case,  and  preservatives  are  not  needed  other 
than  the  salt  and  spices  used  in  seasoning. 

Hamburg  steak 

This  is  the  simplest  form  of  sausage  made,  and  consists  simply  of 
fresh  beef  run  twice  through  a  grinder.  It  may  be  seasoned  after  the 
first  grinding,  or  left  unseasoned.  It  is  never  stuffed  into  casings.  Any 
part  of  the  beef  carcass  may  be  used  for  hamburg  steak,  but  the  best 
quality  is  made  from  the  roimd. 

Mixed  sausage 

This  is  made  by  mixing  beef  and  pork  in  such  proportions  as  to  suit 
the  taste  of  the  consumer.  This  kind  of  sausage  is  usually  made  if  the 
consumer  dislikes  the  extremely  fat  undiluted  pork  sausage.  It  is  seldom 
stuffed  into  casings,  but  is  usually  left  loose  and  made  into  pats  when 
fried.    The  following  proportions  of  beef  and  pork  give  excellent  results: 

2  parts  lean  pork 

3  parts  lean  beef 
I  part  fat  pork 

Pork  sausage 

Pork  sausage  should  be  made  from  clean,  fresh  pork  scraps,  or  the 
cheaper  parts  of  the  meat.  The  meat  should  be  in  the  proportion  of 
three  parts  of  lean  pork  to  one  of  fat  pork.  This  should  be  run  through 
the  grinder,  spread  out  and  seasoned  with  salt,  pepper,  and  sage,  and 
reground.  Usually  i  J  ounces  of  fine  salt,  J  ounce  of  groimd  black  pepper, 
and  i  ounce  or  less  of  ground  sage,  for  6  potmds  of  meat,  makes  a  satis- 
factory seasoning. 

Pork  sausage  either  is  used  loose,  being  made  into  pats  and  fried,  or 
is  stuffed  into  pork  casings  and  double-linked.  If  Irft  loose  it  can  be 
packed  in  jars  untU  used.     If  it  is  to  be  kept  for  a  long  period,  it  may 
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be  run  into  cloth  bags  and  smoked  for  a  short  time.  The  linked  sausage 
may  also  be  smoked  for  a  short  time  in  order  to  preserve  it.  If  it  is  to  be 
kept  until  summer,  it  may  be  partially  cooked,  packed  in  a  jar,  and 
covered  with  hot  lard. 

Bologna  sausage 

Bologna  sausage  is  the  commonest  and  most  generally  used  type  of 
sausage  sold  in  America.  It  receives  its  name  from  the  town  of  Bologna, 
in  Italy,  where  it  is  said  to  have  originated.  It  is  common  throughout 
Italy  and  all  Europe,  and  this  fact  probably  accoimts  for  the  quantities 
that  are  bought  by  Europeans  in  America.  It  is  very  palatable  and  is 
in  demand  in  almost  every  locality.  The  ingredients  used  in  making 
bologna  sausage  are  wholesome  and  nutritious,  but  not  especially  palatable. 
This  makes  it  economical  to  make,  and  the  seasoning  used  makes  it 
palatable.  Many  adulterations  are  commonly  used  in  the  making  of 
bologna,  and  it  is  put  up  in  a  number  of  forms.  The  following  formula 
gives  only  the  most  satisfactory  ingredients  and  combinations  used  in 
its  manufacture. 

To  eight  parts  of  lean  beef  use  one  part  of  fat  pork.  Cut  the  meat 
into  small  pieces,  mix,  and  grind.  After  the  meat  is  ground  the  first 
time,  spread  it  out  and  season  with  salt,  pepper,  and  mace  or  ground 
coriander.  Usually  i|  ounces  of  fine  salt,  |  ounce  of  ground  black  pepper, 
and  \  ounce  of  ground  mace  or  ground  coriander,  for  6  pounds  of  meat, 
makes  a  satisfactory  seasoning.  After  the  spice  is  mixed  in,  regrind 
the  meat  and  stuff  it  into  casings.  Bologna  is  stuffed  either  into  beef 
rounds,  middles,  or  bungs.  If  middles  are  used,  the  sausages  are  made 
ten  to  twelve  inches  long  and  left  straight;  if  rounds  are  used,  they  are 
made  fifteen  inches  long  and  the  ends  are  tied  together  to  form  a  ring; 
if  bungs  are  used,  they  are  made  twelve  to  fifteen  inches  long  and  left 
straight.  After  the  sausage  is  stuffed,  it  is  allowed  to  dry  for  an  hour 
and  is  then  hung  in  the  smokehouse  and  smoked  for  eight  or  ten  hours.  In 
smoking  it  is  important  to  have  as  much  smoke  as  possible  and  very  little 
heat,  for  if  the  heat  is  too  great  the  sausage  will  burst  and  be  of  no  value. 
After  smoking,  the  sausages  are  cooked  for  varying  lengths  of  time,  depend- 
ing on  the  size,  and  are  then  hung  on  poles  to  dry.  Cook  long  bolognas 
for  twenty  minutes  at  155°  P.,  round  bolognas  for  twenty  minutes  at 
155°  P.,  and  bung,  or  large,  bolognas  for  one  hour  at  160°  P. 

Vienna  sausage 

Vienna  sausage  is  a  kind  of  sausage  much  liked  by  practically  all  classes 
of  people.  It  is  said  to  have  originated  in  Vienna;  hence  its  name.  In 
America  it  is  known  under  a  variety  of  names,  depending  mainly  on  the  size 
and  style  of  packing  and  casings  used. 

To  each  two  pounds  of  lean  beef  use  one  pound  of  fat  pork.  Chop 
the  meat  into  bits  and  run  it  through  a  fine  grinder.  Spread  the  ground 
meat  in  a  thin  layer,  and  sprinkle  it  with  salt,  pepper,  and  mace.  Other 
seasoning,  such  as  sage,  onions,  or  garlic,  may  be  used  if  desired.  Usually 
1 1  ounces  of  fine  salt,  f  ounce  of  ground  black  pepper,  and  I  ounce  of 
mace  or  sage,  for  6  pounds  of  meat,  makes  a  satisfactory  seasoning.  After 
the  meat  is  seasoned,  regrind  it  in  order  to  mix  the  seasoning  through 
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the  meat  thoroughly.  If  the  meat  does  not  seem  fine  enough,  it  may 
be  ground  a  third  time;  for  this  sausage,  like  bologna,  cannot  be  ground 
too  fine.  The  meat  is  then  stuffed  into  the  casings.  Casings  of  dSferent 
size  are  used,  depending  on  the  size  and  kind  of  sausage  desired.  For 
midget  vienna,  or  "  high  schools,"  use  the  very  smallest  sheep  casings, 
and  link  the  sausage  in  three-inch  Unks.  In  hnking  vienna  sausage  or 
frankfurters,  the  casings  are  grasped  with  the  thumb  and  the  first  finger 
of  each  hand,  with  the  hands  as  far  apart  as  it  is  intended  to  make  the 
sausage  long;  then  the  fingers  are  pressed  together  until  the  meat  is  pressed 
out  from  under  them,  and  the  sausage  between  them  is  whirled,  twisting 
the  casing  at  the  fingers.  This  is  repeated  until  the  entire  casing  is  linked, 
the  only  variation  being  that  the  first  sausage  is  whirled  either  toward 
or  from  the  person  linking,  while  the  next  is  whirled  in  the  opposite 
direction.     This  keeps  the  sausage  from  unlinking. 

Ordinary  frankfurters  or  large  vienna  sausages  are  made  in  exactly 
the  same  way,  except  that  large  sheep  casings  are  used  and  the  links 
are  made  five  to  six  inches  long. 

For  jumbo  frankfurters  pork  casings  are  used  and  the  links  are  made 
four  to  five  inches  long. 

After  the  sausages  are  stuffed  in  casings  they  should  be  hung  in  the 
smokehouse  and  smoked  for  a  sufficient  time  to  give  them  a  rich  orange 
color.  They  are  then  taken  out  and  cooked  at  a  temperature  of  155° 
for  five  to  fifteen  minutes,  depending  on  the  size.  Care  should  be  taken 
not  to  have  too  much  heat  in  the  smokehouse  nor  to  have  the  water  in 
which  the  sausages  are  cooked  too  hot;  otherwise  the  sausages  may  split 
and  the  entire  meat  be  wasted. 


Blood  pudding 

Stir  thoroughly  a  bucketful  (3  gallons)  of  hog's  blood  until  it  is  entirely 
defibrinated  and  the  stringy  fibers  can  be  removed,  leaving  only  the  red 
liquid  of  the  blood.  To  this  liquid  add  i  teaspoonful  of  saltpeter  and 
2  ounces  of  fine  salt.     After  stirring  these  in,  allow  the  blood  to  cool. 

To  7  pounds  of  pickled  beef's  hearts  and  tongues  (other  parts  of  the 
beef  may  be  used  if  these  are  not  available)  add  2  J  pounds  of  fat  pork. 
Cook  these  together  for  one  half  hour,  remove  them,  run  the  lean  beef 
through  a  fine  grinder,  cut  the  pork  into  bits  J  inch  square,  and  mix  the 
beef  and  the  pork.  Stir  the  meat  into  the  cold  blood  and  add  salt,  pepper, 
and  other  spices.  Usually  i^  ounces  of  fine  salt  and  J-  ounce  of  finely 
ground  black  pepper,  for  6  pounds  of  meat,  makes  a  satisfactory  seasoning. 
If  the  mixture  is  not  thick  enough  to  stuff  into  casings,  add  enough  finely 
ground  com  meal  to  make  it  the  consistency  of  thick  mush.  Mix  thor- 
oughly, stuff  into  beef  bungs,  and  tie  in  fifteen-  or  eighteen-inch  lengths. 
Cook  the  stuffed  sausages  at  a  temperature  of  160°  for  an  hour  and  a  half, 
or  until  a  sharp  stick  or  pin  can  be  run  into  the  center  —  not  through 
the  sausage  —  and  withdrawn  without  being  followed  by  any  blood. 
Lay  the  sausages  on  a  table  so  that  they  may  become  solid,  and  turn  them 
over  after  a  half  hour.  After  they  have  cooled  until  they  are  solid  they 
are  ready  for  use.  If  they  are  to  be  kept  for  any  length  of  time  they 
should  be  smoked  for  eight  to  ten  hours. 
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Scrapple 

Scrapple  is  tistially  made  from  the  heads  and  the  feet  of  hogs,  but  it 
may  be  made  from  any  part  of  the  pork  carcass.  If  heads  are  used, 
split  them  through  the  center,  place  them  in  a  cooker  or  a  kettle  with 
enough  water  to  cover  them,  and  cook  them  imtil  the  meat  separates 
from  the  bone.  Take  out  the  meat  and  the  bones,  and  save  the  broth 
for  future  use.  Pick  all  the  bones  from  the  meat,  chop  the  meat  finely, 
add  this  to  the  broth,  and  replace  the  whole  on  the  stove  to  boil.  Add 
enough  com  meal  (ground  fine)  and  buckwheat  flour  to  the  broth,  in 
the  proportion  of  9  parts  of  com  meal  to  i  p£u-t  of  buckwheat  flour,  to 
make  it  as  thick  as  mush.  The  meal  and  the  flour  should  be  mixed  dry, 
and  added  gradually  while  the  broth  is  being  stirred,  in  order  to  prevent 
lumpiness.  Stir  the  mixture  for  fifteen  minutes  and  then  allow  it  to 
cook  slowly  for  an  hour,  when  it  should  be  of  the  consistency  of  thick 
mush.  Pour  the  scrapple  into  shallow  pans  and  allow  it  to  cool.  It 
can  then  be  sliced  and  fried. 

Sausage  casings 

Casings  are  made  from  the  intestines  of  sheep,  hogs,  and  cattle,  and  are 
thoroughly  cleaned  and  prepared  before  being  used.  Sausage  casings 
may  be  bought  ready  for  use  at  a  fairly  reasonable  price,  or  they  may 
be  cleaned  on  the  farm.  Sheep  casings  are  used  for  vienna  sausage 
(wienerwurst)  and  for  frankfurters-.  Pork  casings  are  used  for  pork 
sausage,  liver  pudding,  and  jumbo  frankfurters.  Beef  rounds,  made  from 
the  small  intestine,  are  used  for  bologna;  beef  bungs,  made  from  the 
large  intestine,  are  used  for  large  bologna  and  for  ham  sausage;  beef 
middles  are  used  for  bologna  and  for  siunmer  sausage. 
.  To  clean  sausage  casings,  empty  them  and  wash  them  inside  and 
outside,  and  soak  them  in  a  solution  of  lye  or  some  other  alkali  water. 
Then  turn  them  and  scrape  them  both  inside  and  outside,  to  remove 
the  slime  and  the  fat.  Wash  and  re-turn  them,  and  padc  in  salt  until 
needed. 

SMOKING   MEATS    ON   THE    FARM 

The  smoking  of  cured  meats  aids  in  their  preservation  because  the 
smoking  process  closes  the  pores  of  the  meat  or  casings,  and  the  creosote 
is  objectionable  to  some  insects. 

Smoking  gives  a  desirable  flavor  to  the  meat  if  the  proper  kind  of  fuel 
is  used.  Green  hickory  is  best,  but  other  hardwoods  or  corncobs  may 
be  used  if  hickory  is  not  available.  Resinous  woods  should  never  be 
used,  as  they  give  an  objectionable  flavor  to  the  meat.  Corncobs  are 
commonly  used,  but  are  not  so  satisfactory  as  hickory  because  of  the 
fine  ash  that  is  forced  upward  by  the  heat  and  settles  on  the  meat,  giving 
it  a  dirty  appearance.  Juniper  berries  and  fragrant  woods  are  sometimes 
added  to  the  fire,  to  give  desired  flavors. 

Proprietary  smoking  preparations  are  not  to  be  recommended,  as 
a  whole,  because  they  hasten  the  curing  process  and  do  not  give  as  desirable 
a  flavor  as  does  the  ordinary  smoking  process.  Some  of  these  preparations 
also  contain  substances  that  cause  digestive  disorders  when  the  meat 
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is  eaten.     This  is  especially  true  of  the  various  dips  used  to  take  the 
place  of  smoking. 

The  smokehouse 

The  smokehouse  may  be  of  any  size  or  construction,  to  suit  the  needs 
of  the  owner.  If  the  house  is  to  be  used  only  once  and  only  a  small  amount 
of  meat  is  to  be  smoked,  a  large  barrel  or  a  dry  goods  box  may  be  used. 
If  the  house  is  to  be  permanent,  it  is  often  worth  while  to  build  it  of 
brick,  concrete,  or  stone,  in  order  to  avoid  all  risk  of  loss  by  fire.  A  frame 
house  may  be  used,  provided  that  care  is  taken  to  confine  the  fire  to  the 
center  of  the  floor,  or  to  build  it  in  a  large  iron  kettle,  so  that  it  will  not 
spread  to  the  house.  The  safest  method  of  smoking  meat,  and  at  the  same 
time  of  preventing  the  smokehouse  from  getting  too  hot,  is  to  dig  a  small 
furnace  pit  in  the  ground  about  ten  or  twelve  feet  from  the  smokehouse, 
and  have  the  smoke  carried  from  this  to  the  house  through  a  galvanized 
pipe  laid  on  top  of  the  ground  and  covered  so  that  it  will  not  be  crushed. 

The  method  of  construction  of  the  smokehouse  should  allow  ample 
ventilation,  and  there  should  be  some  means  of  regulating  the  draft. 
This  can  be  done  by  having  the  outlet  for  the  smoke  under  the  eaves 
and  the  intake  for  the  air  at  the  furnace,  if  this  is  used;  or,  if  the  furnace 
or  outdoor  fire  method  is  not  used,  an  adjustable  air  intake  may  be 
attached  to  the  door  and  covered  with  a  heavy  screen  to  keep  out  flies 
and  rats. 

For  ordinary  farm  use,  the  house  should  be  about  eight  feet  square 
and  eight  to  ten  feet  high,  so  that  the  meat  will  hang  six  to  seven  feet 
above  the  fire  and  near  enough  to  the  roof  to  get  the  benefit  of  the  thick 
smoke  and  yet  be  below  the  level  of  the  ventilators. 

The  smoking  process 

Meat  that  has  been  pickled  should  be  removed  from  the  brine  at  least 
a  day  before  it  is  to  be  smoked,  and  after  being  washed  in  warm  water 
it  should  be  hung  up  to  dry  until  it  is  ready  to  smoke.  The  meat  should 
be  hung  in  the  smokehouse,  with  no  two  pieces  touching  each  other, 
and  then  a  fire  should  be  started,  heating  the  house  gradually.  The 
meat  should  be  kept  warm,  but  not  hot  enough  to  dry  the  outside  too 
much  and  prevent  the  smoke  from  penetrating.  There  should  be  as  much 
smoke  as  possible,  but  no  more  heat  than  is  necessary' . 

In  winter  the  fire  should  be  kept  burning  constantly  until  the  smoking 
is  completed,  for  if  the  meat  is  allowed  to  ax)l  too  much  the  smoke  will 
not  penetrate  it.  Meat  that  has  been  frozen  should  not  be  put  into  the 
smokehouse  imtil  it  is  thawed. 

In  warm  weather  there  is  danger  of  getting  the  meat  too  hot,  and  for 
this  reason  it  is  good  practice  to  let  the  fire  die  down  every  other  day 
until  the  meat  has  become  properly  smoked. 

After  the  meat  has  become  projx^rly  colored  it  should  be  cooled  (but  not 
allowed  to  freeze)  by  opening  the  ventilator  or  the  door,  leaving  it  open 
until  the  meat  hardens.     It  may  then  be  packed  away  for  future  use. 

The  meat  may  be  kept  in  the  smokehouse  for  a  time  if  the  weather  is 
not  too  warm,  but  the  house  should  be  kept  free  from  flies. 

If  the  smoked  meat  is  to  be  used  immediately,  no  further  care  is  needed; 
but  if  it  is  to  be  held  imtil  simimer  it  should  be  wrapped  in  clean,  white 
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paper,  and  a  covering  of  muslin  sewed  on  to  protect  it  from  insects.  It 
should  be  kept  where  it  will  not  be  subject  to  extreme  change  of  tem- 
perature or  to  dampness. 

If  the  meat  is  to  be  kept  for  a  considerable  length  of  time  and  absolute 
safe-keeping  is  desired,  the  following  directions,  given  by  the  United 
States  Department  of  Agricultxire  in  Farmers*  Bulletin  No.  183,  page  37, 
should  be  followed: 

'*  For  absolute  safe-keeping  for  an  indefinite  period  of  time,  it  is  essential 
that  the  meat  be  thoroughly  cured.  After  it  is  smoked  and  has  become 
dry  on  the  surface  it  should  be  wrapped  in  parchment  paper;  or  old 
newspapers  will  do  where  parchment  cannot  be  had.  Then  inclose  in 
heavy  muslin  or  canvas,  and  cover  with  yellow  wash  or  ordinary  lime 
whitewash,  glue  being  added.  Hang  each  piece  out  so  that  it  does  not 
come  in  contact  with  other  pieces.     Do  not  stack  in  piles. 

**  Recipe  for  yellow  wash. — For  100  poimds  hams  or  bacon  take 
3  pounds  barytes  (barium  sulphate) 
0.06  pound  glue 

0.08  pound  chrome  yellow  (lead  chromate) 
0.40  pound  flour 

"  Half  fill  a  pail  with  water  and  mix  in  the  flour,  dissolving  all  limips 
thoroughly.  Dissolve  the  chrome  in  a  quart  of  water  in  a  separate  vessel 
and  add  the  solution  and  the  glue  to  the  flour;  bring  the  whole  to  a  boil 
and  add  the  barj'tes  slowly,  stirring  constantly.  Make  the  wash  the 
day  before  it  is  required.  Stir  it  frequently  when  using,  and  apply  with 
a  brush." 
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APPLE  CAIIKERS  AND  THEIR  CONTROL 

Lex  R.  Hesler 

Cankers  in  apple  trees  are  a  constant  source  of  danger  because  of  the 
fact  that  they  persist  from  year  to  year  and  are  likely  in  time  to  cause  the 
death  of  a  large  limb  or  a  tree.  Ordinarily  any  disease  that  is  not  controlled 
by  the  regular  schedule  of  spraying  is  left  to  take  its  annual  toll,  and 
its  treatment  becomes  a  secondary  matter  until  the  total  damage  attracts 
more  than  usual  attention.  Cankers  are  present  in  every  fruit-growing 
region  of  the  State;  they  are  more  prevalent  in  certain  sections  than  in 
others,  however,  depending  on  such  factors  as  weather  and  orchard  man- 
agement. 

The  term  canker,  like  most  common  names  of  plant  diseases,  is  some- 
what  loosely  used.  It  is  ordinarily  applied  to  a  diseased  condition  of 
woody  plants  in  which  the  bark  is  killed  in  a  more  or  less  definite  area. 
The  dead  part  is  usually  sunken,  although  adjoining  regions  of  the  stem 
may  become  enlarged  subsequent  to  the  killing. 

KINDS  OF  CANKERS 

In  New  York  State  there  are  a  number  of  different  kinds  of  cankers 
on  the  apple  tree.  Named  in  order  of  their  importance  they  are:  frost 
cankers,  New  York  apple-tree  canker  (caused  by  Physalospora  cydonicB), 
fire-blight  canker  (caused  by  Bacillus  amylovorus),  the  so-called  European 
apple-tree  canker  (caused  by  Nectria  ditissima),  and  the  Illinois  bUster 
canker  (caused  by  Nummularia  discreta) — the  last-named  occurring 
only  to  a  limited  extent.  The  bitter-rot  canker  (caused  by  Glomerelkt 
cingulata  of  the  Middle  West)  is  of  rare  occurrence  in  New  York.  A 
sui^rfidal  bark  canker  (caused  by  Myxosporium  corticolum)  is  very 
common  on  apples,  pears,  and  quinces,  but  does  no  material  damage. 

To  the  casual  observer  the  various  cankers  are  somewhat  sitmlar  in 
appearance  and  in  general  effect  on  the  trees.  They  involve  primarily 
the  bark,  rarely  penetrating  the  wood  to  any  extent.  The  blister  canker 
and  the  New  York  apple-tree  canker,  however,  attack  the  wood. 

Frost  cankers 
In  certain  severe  winters  frost  is  a  very  active  agent  in  the  production 
of  cankers.     An  examination  of  apple  trees  after  such  winters  shows 
many  irregularities  as  to  the  extent  of  injuries  in  orchard^  differently 
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located  and  managed     Some  varieties — as,  for  example,  Tompkins  King, 

Twenty  Oimce,  and  possibly  Hubbardston — are  uniformly  more  susceptible 

than  others.  On  the  other  hand, 
varieties  that  are  normally  less  sus- 
ceptible may  suffer  serious  injury 
tmder  sudden  and  extreme  temper- 
atiu^e  changes  in  winter. 

Branch  cankers  resulting  from  the 
action  of  frost  are  commonly  termed 
sun  scald.  The  name  sun  scald  has 
arisen  out  of  the  fact  that  this  type 
of  frost  injiuy  is  almost  always  found 
on  the  southwest  side  of  the  tree 
and  has  been  ascribed  to  the  action 
of  the  Sim  in  warming  the  tissue 
after  a  severe  cold  period.  It  is 
/^  difficult  to  say  just  how  the  canker 
'''  arises,  but  it  seems  that  there  is 
some  interaction  of  cold  with  heat 
from  the  sun,  and  that  the  injury 
is  dependent  on  a  peculiar  set  of 
climatic  factors 
not  fully  under- 
stood. 

Frost  cankers 
are  a  serious  prob- 
lem with  which 
apple  growers 
have  to  contend, 

since  the  initial  injury  is  so  frequently  followed  by 

fungi  that  irritate  and  extend  the  wound.     The  cankers 

form  chiefly  on  the  tnmk  or  at  the  crotches  of  main 

branches  (Fig.  i).     Similar  injuries  occur  at  the  base 

or  the  crown,  and  in  these  cases  the  injury  is   called 

crown  rot  J  collar  rot,  and  so  forth.     It  is  a  well-known 

fact  that  the  Tompkins  King  variety  suffers  seriously 

from    these    cankers.     In    all    the    above    cases    the 

injured  bark  becomes  discolored,  dead,  and  loosened 

from  the  tree,  often  sloughing  off  and  exposing  the  wood. 


Fig.  I . —  Baldwin  tree  with  frost  cankers 
in  the  crotches  oj  the  main  limbs 


New  York  apple-tree  canker 

The  New  York  apple-tree  canker  disease  is  found 
on  the  limbs  as  a  canker,  on  the  fruit  as  a  black  rot, 
and  on  the  leaves  as  a  leaf  spot.  It  is  caused  by  a 
fungus  which  promptly  follows  frost,  fire  blight,  and 
other  injiu-ies,  and  is  readily  transmitted  from  one 
part  of  the  tree  to  another. 

It  is  found  on  many  wild  plants  and  may  pass  from 
these  to  the  apple,   obviously  making  its  occurrence  more  serious. ' 

The  cankers  usually  form  on  the  larger  limbs,  although  not  infrequently 
the  trunk  and  the  twigs  are  affected.     During  the  growing  season  young 


Fig.  2.  —  Twenty 
Ounce  limb  show- 
ing young  New 
York  apple-tree 
canker.  The  bark 
is  slightly  sunken 
and  discolored,  and 
the  diseased  area 
is  bounded  by  a 
crevice.  Note  that 
the  surface  is  still 
smooth 
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cankers  may  be  observed  more 
commonly  on  the  upper  sur- 
face of  the  branches.  Careful 
examination  will  usually  show 
that  the  canker  originated  in 
a  wound  of  some  sort.  The 
bark  is  at  first  of  a  reddish 
brown  color  and  slightly 
sunken  (Fig.  2).  The  diseased 
area  increases  in  size  and 
becomes  darkened,  and  after 
a  few  weeks  the  canker  is 
longer  in  the  diameter  parallel 
to  the  main  axis  of  the  branch. 
Many  cankers  remain  small, 
measuring  only  a  few  inches 
in  diameter,  and  may  die  out 
at  the  end  of  the  growing 
season;  but  in  severe  attacks 
the  spot  spreads  from  year  to 
year  for  a  distance  of  several 
feet.     In  some  cases  there  is 


Fig.    3. —  Young    New    York   apple-tree   canker ^ 
showing  characteristic^  somewhat  concentric,  rings  i 


only  a  superficial  roughening,  while  in  others  the  bark  is  killed  to  the 

wood  and  soon  becomes  conspicu- 
ously cracked.  The  margin  of  the 
canker  is  at  first  rather  indefinite, 
being  distinguished  from  the  healthy 
bark  only  by  its  darker  color;  but 
later  a  deep  crack  or  crevice  is 
formed,  which  seems  to  temporarily 
limit  the  further  spread  of  the  can- 
ker-producing organism.  After  a 
time  the  crevice  may  be  traversed, 
and  the  fungus  subsequently  con- 
tinues its  invasion  until  a  second 
crevice  obstructs  it.  This  process  is 
repeated  from  one  or  more  points 
along  the  margin  of  the  canker  imtil 
a  series  of  somewhat  concentric 
regions  are  developed  (Fig.  3).  The 
bark  remains  closely  appressed  to  the 
wood  for  a  year  or  more  (Fig.  4), 
finally  falling  away  and  exposing  the 
wood  as  wdl  as  a  callus  along  the 
margin.  On  those  spots  that  begin 
earlier  in  the  season,  numerous  scat- 
tered pustules,  the  spore  cases  of  the 
fungus,  appear  (Fig.  5). 
As  stated  above,  the  canker  fungus 

__  -,.,,,     XT      tr  L    >.>.7  develops  on  the  leaves  and  the  fruit. 

Fig  4, —  Typical  older  New  York  apple-  q^^.^  r,    .^^    f^nv^^    «^,x^«*.    ^r^^ 

tr^cankil    The  hark  is  dead  and  iery  Spots  on  the   foliage   appear   mc^ 

mmh  roughened  abundantly  with  the  openmg  of  the 
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Fig.  5. —  New  York  apple-tree  canker  as  it  appears 
the  first  year  or  two.  On  the  surface  of  the 
canker  are  seen  numerous  scattered  pustuleSt  the 
spore  cases  of  the  fungus 


about  the  margin  of  the  canker. 


leaves  and  in  July  and  August. 
They  begin  as  minute  purplish 
spedcs,  soon  enlarging  to  about 
one-eighth  of  an  inch  in  diam- 
eter and  turning  brownish. 
The  black-rot  form  of  this 
disease  on  fruit  is  common  on 
early  fall  varieties  and  on 
windfalls.  The  disease  begins 
either  at  the  blossom  end  or 
at  some  wound,  commonly 
following  codling-moth  injiuy. 
The  fruit  is  reduced  to  a 
black  mummy  and  is  covered 
with  the  pustules,  as  described 
for  the  canker  form  of  the 
disease. 

Fire-blight  canker 

The  fire-blight  canker  disease 
is  found  on  the  bark  of  the 
trunk  or  the  larger  limbs, 
where  it  appears  in  the  form 
of  a  canker  (Fig.  6).  In  the 
spring,  when  the  causal  bac- 
teria are  active,  the  advancing 
margin  is  indefinite.  Some- 
times drops  of  liquid  may  be 
seen  oozing  from  the  Icnticels 
at  this  stage  of  development. 
When  the  activity  of  the 
bacteria  ceases,  the  margin 
of  the  canker  becomes  very 
definite  and  a  prominent 
crevice  marks  it.  The  discard 
bark  sinks  and  remains  rela- 
tively smooth. 

European  apple-tree  canker 

Like  other  apple  cankers, 
the  European  apple-tree  can- 
ker begins  as  a  slight  discolo- 
ration on  the  bark,  and  veiy 
soon  the  area  affected  is 
sunken.  Later,  however,  a 
marked  swelling  appears  im- 
mediately above  and  below 
the  diseased  spot.  Within  a 
few  months  the  bark  falls 
away  and  a  callus  is  formed 
This  seems  to  prevent  temporarily  the 
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the  callus  layer  is  later  penetrated 
This  process  is  repeated  successively 


^y 


progress  of  the  causal  fungus,  but 
and  the  injury  is  thus  enlarged, 
until  the  canker  finally  appears  as 
a  large  wound  within  which  is  a 
series  of  these  concentric  calluses 
(Fig.  7). 

Illinois  blister  canker 
The  Illinois  blister  canker  has 
been  found  in  New  York  and  may 
have  a  widespread  distribution.  It 
is  a  fungous  disease  usually  found 
on  the  larger  limbs  and  the  trunks 
and  affecting  bark  and  wood.  The 
diseased  bark  is  at  first  brown  and 
slightly  sunken,  and  shows  healthy 
bits  of  tissue  scattered  within  the 
general  diseased  area.  In  a  later 
stage  the  bark  becomes  much 
roughened  and  blackened  and  falls 
off  in  irregular  patches,  exposing 
the  wood.  On  the  dead  areas,  or 
often  on  bark  before  it  falls  off, 
are  developed  the  fruiting  parts 
of  the  fungus  (stromata),  which 
are  large  and  black  and  which 
stand  out  prominently  (Fig.  8). 
These  bodies  give  a  blistered 
appearance  to  the  affected  part, 
whence  the  name.  This  canker  can- 
not be  controlled  by  the  methods 
suggested  Ixilow.  A  satisfactory 
method  of  control  is  not  known. 

canker  control 

The  control  of  cankers  has  been 
a  matter  of  consideration  for  some 
time,  but  the  removal  of  dead 
limbs,  supplemented  in  certain 
cases  by  the  regular  schedule  of 
sprayings,  is  usually  the  extent  of 
the  effcMts  made  to  thwart  these 
diseases.  It  is  obviously  absurd  to 
delay  treatment  until  the  affected 
organ  has  been  killed.  Measures 
to  remove  the  cause  before  it 
has  gone  so  far  seem  more 
rational,  since  spraying  has  not 
proved  sufficient. 

Canker  treatment  may  be  followed  along  one  of  two  lines:  the  affected 
limb  may  be  cut  from  the  tree,  or  the  diseased  bark  may  be  removed. 


Pig.  6. —  Fire-Uight  canker.    Note  the  crevice 
and  the  smooth  surface  of  the  canker 
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No  prescription  can  be  given,  except  in  a  general  way,  as  to  which  method 
to  follow.  Each  case  must  be  studied  by  the  grower  and  the  procedure 
should  be  in  accordance  with  the  conditions;  the 
producing  power  of  the  tree  or  the  limb  concerned 
should  be  the  criterion.     But  whether  the  limb  is 


Fig.  8. — lUinais  blister  canker,  showing  stronuUa  an 
the  cankered  surface 

removed  or  the  canker  cut  out,  a  woimd  wiU  result, 
and  the  application  of  a  dressing  becomes  essential. 

Removing  affected  branches 
In  the  removal  of  cankered  limbs  the  cut  may  be 
made  so  that  another  limb,  or  water  sprout,  can  grow  in  the  approximate 
space  left  by  the  part  removed.  This  method,  supplemented  by  careful 
spraying  of  the  bark,  is  successfully  practiced  in  a  Twenty  Ounce  orchard 
in  the  Lake  Ontario  belt. 


Fig.  7. — Typical  European 
apple-tree  canker,  show- 
ing layers  of  callus  on  the 
wound 
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Grafting  of  stubs  left  by  the  removal  of  the  affected  part  of  the  limb 
is  a  method  tised  on  some  trees.  This  may  be  justified  in  certain  cases, 
but  it  also  must  be  supplemented  by  careful  spraying  of  the  bark. 

If  the  limb  is  removed,  the  cut  should  be  at  the  jimction  of  the  limb 
with  the  parent  branch.  The  cut  should  be  made  dose  to  and  perfectly 
even  with  the  outline  of  the  parent  branch,  without  regard  to  the  size 

of  the  resulting  woimd  (Fig.  9).  It  is 
important  that  the  cut  be  smooth,  for 
on  this  condition  depends  the  fate  of 
the  wound  so  far  as  healing  is  con- 
cerned. A  rough,  splintered  surface 
may  be  avoided  by  the  following  well- 
known  method:  Two  cuts  are  made, 
one  at  some  distance,  at  least  two 
feet,  from  the  base  of  the  branch,  the 
other  at  the  base.  The  first  cut  is 
made  by  sawing  partly  through  the 
limb  from  the  lower  side,  then  com- 
pleting the  operation  by  sawing  from 
the  upper  side;  this  prevents  splitting 
and  tearing  of  the  bark  and  the  wood. 
The  second  cut,  which  is  the  final 
one,  is  then  made  at  the  base  of  the 
branch,  and  the  woimd  is  smoothed 
with  a  mallet  and  chisel. 

It  is  not  a  good  practice  to  leave  a 
stub  projecting  from  the  trunk,  as 
shown  in  figure  10.  Such  a  cut  sur- 
face can  never  heal.  It  is  not  e\^cn 
advisable  to  leave  a  stub  only  a  few 
inches  in  length.  In  such  cases  the 
process  of  healing  is  necessarily  much 
longer;  indeed  the  exposed  surface 
may  never  be  covered  by  a  callus,  and 
if  the  cut  is  left  without  the  protec- 
tion of  a  wound  dressing  or  a  callus, 
heart  rot  is  almost  sure  to  result. 
Where  orchard  practice  has  been  such 
that  cavities  and  decayed  hearts  are 
present,  a  few  simple  operations  now  may  obviate  the  necessity  of  hea\'>' 
expenditure  of  time  and  money  in  the  future.  It  requires  comparatively 
little  time  and  expense  to  clean  and  paint  a  fresh  injury  or  decay  in  its 
early  stages.  It  often  requires  much  time  and  expense  to  treat  properly 
the  same  injury  after  it  has  been  neglected  for  a  few  years. 

It  should  be  borne  in  mind  that  the  heart  of  a  tree  is  practically  dead 
tissue;  it  gives  only  rigidity,  and  may  be  completely  removed  without 
causing  serious  injiu*y  to  the  tree  beyond  impairing  its  strength  —  which 
is  the  most  serious  consideration  of  all,  however,  because  the  limbs  may 
break  off  or  the  tree  may  blow  over.  Deca>4ng  wood  can  be  of  no  use 
to  a  tree;  on  the  other  hand,  it  may  act  detrimentally,  and  therefore  it 
should  be  removed. 


Fig.  II. —  Another  method  of  treating 
heart  rot  in  a  limb.  The  decayed  wood 
is  removed  and  a  hole  is  bored  at  the 
lower  end  of  the  diseased  part  to  serve 
as  a  drain 
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The  rotten  part  should  be  cleaned  out  thoroughly.  A  mallet,  a  chisel, 
and  a  gouge  are  the  chief  tools  needed.  If  the  rot  extends  for  a  consid- 
erable distance  down  the  limb,  a  hole,  which  will  serve  as  a  drain  (Fig.  1 1), 
should  be  bored  at  the  lower  extremity.  On  ornamental  and  shade  trees 
the  cavities  are  often  filled 
with  cement.  Whether  this 
practice  is  to  be  followed  in 
the  apple  orchard  depends  on 
the  extent  of  the  injury  and 
the  exposure  of  the  orchard  to 
wind.  In  any  case  the  interior 
surface  of  the  cavity  should  be 
coated  with  coal  tar. 

Treating  cankers 

The  cutting-out  of  cankers 
is  a  method  to  be  employed 
when  the  orchardist  is  satis- 
fied that  the  value  of  the 
limb  warrants  it.  An  attempt 
to  remove  all  kinds  and  sizes 
of  cankers  from  an  infested 
orchard,  without  regard  to 
such  a  consideration,  is  likely 
to  result  in  discouragement 
with  the  whole  matter,  and 
this  practice  is  neither  a  good 
nor  a  paying  one.  The  grower's 
judgment  must  guide  him.  ■ 

Certain  tools  have  been 
fovmd  advantageous  for  this 
work.  A  drawshave  for  use 
in  removing  diseased  bark, 
and  a  farrier's  knife  for  trim- 
ming the  margin  of  the  wound, 
arc  the  chief  tools  needed. 
The  knife  must  be  sharp,  for 
a  dull  edge  may  injure  the 
growing  part.  The  pruner 
should  not  wear  heavy  leather- 
soled  shoes,  since  canker  fungi 
may  get  into  the  bark  through 
woimds  caused  by  such  shoes. 
It  is  suggested  that  rubber 
boots,  or  a  similar  type  of 
soft-soled    shoes,    be    worn    in 


Fig.  12. —  A  wound  resulting  from  the  removed  of 
a  canker  on  a  limb.  Note  the  proper  shape  of 
the  wound.  The  canker  was  cut  out  on  May  iq, 
JQij;  the  photograph  was  made  on  October  ly, 
1913 


connection  with  such  operations. 
In  treating  cankers  it  is  necessary  to  determine  the  limits  of  the  diseased 
tissue.  This  may  be  done  by  examining  the  canker  externally  or  by 
shaving  off  bits  of  bark  until  the  line  of  discoloration  is  located.  The 
depth  of  the  cut  depends  on  the  depth  of  any  indication  of  disease,  that 
is,  discoloration.  If  the  canker  is  for  the  most  part  superficial,  penetrating 
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the  wood  only  in  spots,  the  bark  may  be  removed  as  described  above, 
the  deeper  spots  being  rimmed  out  with  a  farrier's  knife.  If  the  fungiis 
has  entered  the  wood,  either  locally  or  in  long  streaks,  the  discolored  part 
must  be  removed.  If  the  streak  extends  for  a  considerable  distance, 
the  case  may  warrant  the  removal  of  the  whole  limb.     So  far  as  possible 

the   wound   when    finally  shaped   should    be 
pointed  above  and  below  (Figs.  12  and  13),  as 

\.  M^^^^^^M  ^^s  facilitates  healing;  if  the  cut  is  left  in  a 
rJI^I^^Hn  rectangular  form,  the  upper  and  lower  edges 
1^^^^^^^  heal  more  slowly  (Fig.  14).  The  edge  of  the 
wovmd  should  be  cut  at  right  angles  to  the 
surface  of  the  bark;  cuts  made  otherwise  wU 
result  in  a  certain  amount  of  dead  bark, 
which  makes  an  easy  entrance  for  canker  fungi 
(Fig.  14). 

Wound  dressings 

It  is  a  common,  but  false,  belief  that  some 
substance  may  be  applied  to  the  surface  of 
a  wound  to  accelerate  healing.  No  woimd 
dressing  can  induce  more  rapid  callus  forma- 
tion, but  it  has  been  found  ver>'^  desirable  and 
^t  helpful  to  split  the  edge  of  the  callus   each 

wt.  — .Jiix .  Sirring,  next  to  the  wood,  in  order  to  stimulate 

wide  spreading  of  the  callus.  The  activity  of 
the  healing  process  depends  on  the  character 
and  position  of  the  woimd  and  the  time  of 
year  when  the  wound  is  made,  rather  than  on 
protective  coverings.  The  sole  object  of 
painting  a  cut  surface  is  to  protect  the  heart- 
wood  from  decay  tmtil  the  new  growth,  which 
forms  from  the  growing  tissue  immediately 
beneath  the  bark,  has  had  time  to  develop 
over  the  exposed  dead  wood  and  protect  it 
from  decay  (Fig.  15).  The  fundamental  re- 
quirements of  a  wound  dressing,  then,  are  that 
it  be  a  preser\^ative  and  a  preventive.  It 
should  have  antiseptic  qualities,  and  should 
be  fluid,  reasonably  inexpensive,  and  easily 
prepared  and  applied;  it  is  essential  that  it 
give  a  complete  covering;  it  must  be  impervious 
to  air  and  water,  must  be  durable,  and  must  not  injure  nor  kill  the 
tissues  nor  interfere  in  any  way  with  the  healing  process  (Fig.  16). 

Preparations  that  meet  all  these  requirements  are  not  to  be  obtained. 
The  substances  most  commonly  used  are  paint,  asphalttim,  and  tars. 
Paint  is  an  inefficient  covering;  asphaltimi,  once  applied,  gives  good  pro- 
tection, but  it  is  more  difficult  to  prepare  and  to  apply  because  it  must  be 
liquefied  by  the  use  of  heat.  Asphaltum  is  more  readily  available  if  it 
is  dissolved  in  gasoline.  This  combination  has  been  used  on  apples  by 
Mr.  Hazleton,  of  Le  Roy,  New  York,  and  it  appears  to  give  satisfactor>' 
results. 
The  writer  has  used  coal  tar  for  the  past  three  years  with  good  success 


Fig.  13. —  Good  healing  after 
about  two  years 
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Fig.  15. — A  good  cut  which  is  decaying  for 
lack  of  protection  by  a  wound  dressing 


Fig.  14.  —  Poor  shaping  of  ihe 
wound.  The  canker  was  cut  out 
in  July,  iQio;  the  photograph  was 
made  in  August,  igii.  The 
healing  was  irregular  and  there 
was  little  callus  at  the  ends.  The 
edge  of  the  wound  should  have  been 
cut  perpendicular  to  the  surface 
of  the  wood.  Note  that  a  certain 
amount  of  dead  bark  remains  in- 
tact just  outside  the  callus,  making 
a  ready  point  of  entrance  for  fungi 


Fig.  16,— Healing  of 
a  wound.  Photo- 
graph made  two 
years  after  the  re- 
moval of  a  limb 
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This  is  derived  in  the  manufacture  of  artificial  gas  from  coal.  It  should 
not  be  called  gas  tar,  which  is  a  term  more  loosely  used.  Some  growers 
have  complained  of  injiuy  to  trees  from  the  use  of  coal  tar,  but  in  such 
cases  the  material  has  usually  proved  to  be  something  other  than  coal  tar. 
Coal  tar  has  been  used  safely  and  successfully  on  i^eaches,  plums,  and 
cherries,  in  experiments  conducted  by  members  of  this  department. 

Spraying 
The  efTcctivcncss  of  spraying  for  canker  is  a  question  frequently  raised. 
As  a  preventive  this  oi^cration  is  worthy  of  attention;  as  a  cure  it  is  out 
of  the  question,  for  once  the  ftmgus  is  in  the  bark  the  spray  material 
cannot  reach  it. 

Top-working  on  resistant  stock 
If  an  orchardist  desires  to  grow  susceptible  varieties,  the  canker  menace 
may  be  obviated  to  a  considerable  extent  by  working  over  the  larger  limbs 
of  more  resistant  varieties  to  the  one  desired.  This  has  been  done  with 
apparent  success  in  a  few  instances.  The  difficulties  involved  are  that 
pnming  must  be  done  every  year  in  order  to  remove  all  sprouts  from  the 
stocks,  and  that  the  renewal  of  old  branches  cannot  be  effected  so  rapidly. 
Such  treatment  also  throws  the  bearing  area  higher  in  the  air;  so  that  in 
the  case  of  erect-growing  varieties  such  as  the  Twenty  Ounce,  it  makes 
pruning,  spraying,  and  picking  more  difficult. 
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SOME  OF  THE  EXTERNAL  PARASITES  THAT  INFEST  DOMESTIC  FOWLS, 
WITH  SUGGESTIONS  FOR  THEIR  CONTROL 

Glenn  W.  Herrick 

Domestic  fowls  constitute  one  of  the  most  important  sources  of  food 
supply  in  America.  In  191 1  the  value  of  poultry  in  the  United  States 
reached  a  total  of  $154,663,220,  and  the  value  of  the  eggs  produced  in 
the  same  year  in  New  York  State  alone  amounted  to  $17,102,000.  It  is 
thus  evident  that  poultry  occupies  an  important  place  in  the  living 
economies  of  the  American  people,  and  any  pests  that  affect  domestic 
fowls  injuriously  should  be  carefully  considered. 

There  are  at  least  nine  different  species  of  lice,  several  species  of  mites, 
and  at  least  two  species  of  fleas  that  attack  the  hen.  Some  of  these  often 
occur  in  great  abimdance  and  cause  serious  injury. 

THE  BIRD  LICE  PARASITIC  ON  POULTRY 

All  the  domestic  fowls  —  hens,  geese,  ducks,  turkeys,  peafowls,  guinea 
fowls,  and  pigeons  —  arc  infested  with  various  species  of  bird  lice.  These 
insects  are  known  as  permanent  parasites;  that  is,  they  spend  their  entire 
Uvcs  on  the  bodies  of  their  hosts,  the  fowls,  though  they  may  go  from 
one  host  to  another  when  opportunity  offers.  In  fact,  they  cannot  live 
for  more  than  a  few  days,  at  most,  when  removed  from  the  fowls. 

HOW  BIRD  LICE  INJURE  FOWLS 

Bird  lice  have  biting  mouth  parts  and  do  not  suck  the  blood  of  their 
hosts.  It  is  doubtful  whether  any  of  the  lice  parasitic  on  domestic  fowls 
ever  get  any  blood  except  in  case  of  a  wound  or  a  bruise  on  the  host  from 
which  blood  may  issue;  in  such  cases  the  parasites  may  eat  the  dried 
scales  of  blood.  Blood  has  been  found  in  the  stomachs  of  bird  lice,  probably 
obtained  in  this  manner. 

It  is  generally  conceded  that  the  bird  lice  live  on  bits  of  feathers  and  the 
scales  of  the  skin.  Theobald  speaks  of  them  as  constantly  biting  at  the 
sldn  and  causing  serious  irritation.  Other  writers  hold  that  the  constant 
movements  of  the  b'ce  cause  irritation  to  the  skin  by  the  sharp  claws  with 
which  the  feet  of  all  these  parasites  are  furnished.  The  presence  of  the 
lice  starts  an  irritation  which  eventually  weakens  the  fowl  and  gives  an 
opportunity  for  various  diseases  to  attack  it.  This  seems  to  be  especially 
true  of  chicks;  if  lice  are  abundant,  the  growth  of  the  chicks  is  greatly 

^Only  the  commoner  parasites  of  poultry  are  here  described.     Technical  descriptions  of  these  and 
Other  9eciea  may  be  fotuid  in  Cornell  university  Agricultural  Experiment  Station  Bulletin  359. 

l9Si] 


Digitized  by  VjOOQIC 


952  Circular  No.  29 

checked,  diarrhea  seems  to  follow,  and  a  generally  weakened  condition 
may  result. 

The  losses  caused  by  poultry  lice  are  diffiadt  to  estimate,  but  the  total 
must  be  large.  When  badly  infested,  chickens  fail  to  make  an3rthing  like 
their  normal  growth.  Theobald  *  gives  results  showing  that  at  the  end 
of  a  year  chicks  infested  with  lice  weighed  one  poimd  less  than  those 
that  had  been  kept  free  from  the  pests,  both  having  had  exactly  the  same 
food  and  otherwise  the  same  care.  The  loss  in  egg  production  through 
the  infestation  of  laying  hens  must  be  very  great,  although  there  is  no  way 
of  getting  even  an  approximation  of  it.  Brood  hens  are  often  so  irri- 
tated by  lice  that  many  of  the  failures  in  hatching  must  be  attributed  to 
their  presence.  Undoubtedly  the  presence  of  lice,  by  weakening  the  general 
constitution  of  the  host,  predisp>os6s  the  fowl  to  such  diseases  as  gapes, 
cholera,  roup,  and  similar  affections,  thus  contributing  to  a  considerable 
indirect  loss  and  injury. 

LIFE  HISTORY  OF  THE  BIRD  LICE 

The  eggs  of  the  common  hen  louse  (Menopon  pallidum)  are  usuaUv 
deposited  in  clusters  at  the  bases  of  the  feathers.  These  clusters  of  eggs 
can  usually  be  found,  on  badly  infested  fowls  at  least,  on  the  feathers 
about  the  vent.  When  magnified,  a  single  egg  is  seen  to  be  a  very  char- 
acteristic and  striking  object.  It  is  white  and  is  covered  wnth  glasslike 
spines,  many  of  which  terminate  in  an  anchor-shaped  hook.  The  free 
end  of  the  egg  is  furnished  with  a  cap,  or  lid,  which  bears  at  its  apex  in  the 
center  a  long,  lashlike  appendage.  This  cap  is  pushed  off  by  the  yoim<^ 
when  it  issues  from  the  egg.  The  eggs  are  fastened  very  tightly  to  the 
feathers  of  the  fowl. 

No  very  definite  information  has  ever  been  obtained  as  to  the  time  it 
takes  the  eggs  to  hatch.  All  available  information  seems  to  indicate  that 
the  eggs  hatch  in  a  few  days  under  ordinary'  conditions,  and  consequently 
any  treatment  given  to  fowls  in  order  to  rid  them  of  lice  must  be  repeated 
in  ten  days  or  two  weeks. 

The  young  are  almost  white  when  they  emerge  from  the  eggs;  but  as 
they  grow  older  the  skin  lx>comcs  harder  and  brown  in  color,  and  in  many 
species  bears  certain  conspicuous  brown  and  black  spots  and  bands,  which 
form  rather  characteristic  markings.  The  young  resemble  the  parents 
in  shape  and  appearance,  although  the  head  is  usually  large  in  proportion 
to  the  body  and  the  abdomen  is  short  and  stout. 

So  far  as  the  writer  is  aware,  the  number  of  molts  passed  through  by  these 
lice  has  never  been  definitely  determined  for  any  species.  Theobald  sa\'s, 
'*  Some  kept  by  the  author  molted  as  many  as  twelve  times,  but  this  surely 
must  be  exceptional."  Nor  has  the  length  of  these  molting  stages  been 
determined.  It  seems  probable  that  the  adult  lice  live  for  a  considerable 
time  on  the  hosts.  Theobald  has  kept  the  common  hen  louse  alive  for 
nine  months  on  fresh  feathers. 

THE  COMMON  HEN  LOUSE 

{Menopon  pallidum  Nitzsch) 
The  common  hen  louse  (Fig.  17)  is  the  species  most  commonly  seen  on 
the  hen,  and  therefore  is  the  best  known.     It  can  be  found,  in  greater  or 

*  Theobald,  P.  V.    The  parasitic  diseases  of  poultry.     1896. 
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less  numbers,  on  almost  any  hen  at  any  season  of  the  year.  Moreover, 
it  passes  readily  to  other  domestic  fowls  that  come  in  contact  with  the  hen, 
and  instances  are  recorded  in  which  it  has  infested  horses  stabled  near 
henroosts. 


Fig.  17. —  The  common  hen  louse^      Fig.    18. —  The   common  large  louse  of  the  hen. 
male  /,  Female;  2,  antenna;  j,  end  of  abdomen  of  male 

The  louse  is  plainly  visible  to  the  eye,  being  about  one-sixteenth  of 
an  inch  in  length.  It  is  of  a  pale  straw  color  and  very  active,  moving 
rapidly  among  the  feathers  of  the  fowl.  It  seems  to  live  on  all  parts  of 
the  fowl's  body,  but  the  writer  has  found  it  most  abundant  among  the 
feathers  around  the  vent.  It  probably  causes  more  injury  to  hens  than 
does  any  other  species  of  louse. 

THE  COMMON  LARGE  LOUSE  OF  THE  HEN 

{Menopon  biseriatum  Piaget) 

In  the  experience  of  the  writer,  the  next  commonest  louse  on  the  hen 
is  the  species  called  the  common  large  louse  (Fig.  18).  It  is  much  larger 
than  the  species  first  described,  and  somewhat  darker  in  color.  This 
louse  is  one-tenth  of  an  inch  in  length,  sometimes  slightly  longer.  The  male 
IS  larger  than  the  female.  It  is  yellowish  in  color,  but  is  more  hairy  than 
the  common  hen  louse,  with  which  it  is  usually  found,  and  is  easily  recog- 
nized by  its  larger  size. 
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This  species  also  is  active,  and  apparently  passes  readily  to  other  hosts 
for  it  is  found  on  the  txirkey  and  other  fowls.  It  has  been  present  on  most 
of  the  hens  that  the  writer  has  examined,  and  miist  cause  considerable 
amioyanceand  injury  because  of  its  size  and  abundance. 


THE  POULTRY  MITE 

(Dermanyssus  gallinae  DeGeer) 

There  are  at  least  eighteen  different  species  of  mites  parasitic  on  fowls. 
Some  of  these  species  are  merely  blood-sucking  insects,  while  others  cause 
affections  of  the  skin.  Not  more  than  three  or  four  become  serious  pests, 
as.  a  usual  thing.  The  species  known  as  the  poultry  mite  is  one  of  the 
blood-sucking  forms  and  one  of  the  larger  Sf)ecies. 

The  full-grown  mites  are  plainly  visible  to  the  unaided  eye.  It  would 
take  about  thirty-six  of  the  females  to  reach  an  inch;  the  males  are  slightly 
smaller.  The  color  of  the  mites  varies  from  whitish  yellow  normally, 
to  blood-red  when  fully  engorged.  In  the  female  the  mouth  parts  arc  fitted 
for  piercing  the  skin  and  sucking  the  blood  of  the  host;  in  the  male  the  mouth 
parts  are  more  jawlike,  similar  to  those  of  spiders. 

The  abundance  of  the  mites,  under  certain  conditions,  almost  passes 
belief.  They  have  the  habit  of  congregating  in  bunches,  like  bees  settling 
on  a  limb  when  swarming.  The  writer  has  seen  them  hanging  in  festoons 
from  the  nest  boxes  of  sitting  hens.  In  such  cases  they  spread  over  the 
perches  and  become  abundant  everywhere  in  the  poultry  house.  There 
are  probably  few  poultry  houses  in  this  country  that  are  entirely  free 
from  these  mites  during  the  summer  months. 

Habits  and  injuries 

In  contrast  with  the  lice,  poultry  mites  are  not  permanent  parasites. 
They  are  nocturnal  in  habit,  attacking  the  fowls  at  night  but  forsaking 
their  hosts  in  the  morning  and  hiding  in  cracks  and  crevices  of  the  perches, 
the  nest  boxes,  and  the  walls  of  the  poultry  house  during  the  day.  During 
the  night  the  mites  swarm  over  the  fowls,  gorge  themselves  with  blood, 
and  cause  irritation  to  their  hosts,  with  an  accompanying  loss  of  rest  and 
sleep. 

There  is  no  question  but  that  the  food  of  these  mites  consists  largely, 
if  not  wholly,  of  blood.  They  arc  often  found  in  great  numbers  among 
chicken  droppings,  but  there  is  no  clear  evidence  to  show  that  they  can 
live  on  this  material  or  on  the  juices  extracted  from  it.  They  can  live, 
however,  for  a  long  time  without  any  food  at  all,  and  have  been  kept  alive 
for  three  months  without  nourishment.  There  seems  to  be  authentic 
proof  of  their  having  existed  in  tmoccupied  potdtry  houses  throughout 
a  single  season  at  least. 

The  effect  of  the  mites  on  fowls  is  serious  and  far-reaching.    Repp  '  says : 

**  My  observations  have  demonstrated  that  chickens  infested  with  mites 
are  exceedingly  unprofitable.  The  cost  of  keeping  them  is  increased  and 
the  income  from  them  is  very  much  reduced 

*  Repp,  John  J.    The  chicken  mite.    Iowa  State  College  Exp.  Sta.    Bui.  69^     1903. 
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"  The  hens  will  cease  laying In  several  flocks  on  which  I 

made  observation  I  found  that  egg  production  was  greatly  reduced  or 
altogether  prevented  during  the  spring  and  summer  when,  under  normal 
conditions,  it  wotdd  have  been  at  its  height." 

Life  history 
The  eggs  are  laid  in  the  hiding  places  of  the  mites  and  mixed  with  the 
cast-off  skins  and  other  debris  in  the  cracks  and  crevices.  Sometimes 
several  eggs  are  piled  together  in  a  bunch.  The  eg^  is  white,  slightly 
iridescent,  and  oval  in  shape.  It  varies  much  in  size.  Records  show  that 
the  eggs  hatch  in  from  four  to  five  days.  The  young  mite  when  it  hatches 
from  the  egg  is  white  in  color,  and  delicate  in  appearance  but  active.  It 
has  six  legs  in  this  stage,  but  after  the  first  molt  the  fourth  pair  of  legs 
appears.  Bues*  believes  there  is  but  one  molt  before  the  eight-legged 
stage  is  reached,  and  several  after  that  stage,  although  he  was  unable  to 
determine  the  exact  ntunber.  The  length  of  time  from  egg  to  adult  varies, 
apparently  according  to  the  supply  of  food.  There  are  several  genera- 
tions in  the  warm  season  and  the  mites  increase  with  exceeding  rapidity. 

THE   COMMON  HEN  FLEA 

{Ceratophyllus  gallinae  [Schrank]  Wagner) 
Although  the  common  hen  flea  (Fig.  19)  seems  to  have  been  recorded 
but  once  before  in  the  United  States,  the  writer  has  received  specimens  of 
it  from  two  different  locahties  within  the  last  two  years.  In  191 2  speci- 
mens were  received  from  a  correspondent  in  Abington,  Massachusetts, 
with  the  following  comments:  **  It 
made  its  appearance  on  our  premises 
last  summer,  several  weeks  after  we 
bought  some  pullets  from  a  neighbor 
who  had  returned  from  California 
three  or  four  years  previously.  We 
had  never  seen  anything  of  the  kind 
up  to  that  time."  The  specimens 
sent  were  caught  on  the  walls  and  the 
ceiling  inside  the  henhouse.  In  the 
following  year  specimens  of  the  fleas 
were  received  from  Barker,  New 
York.  These  were  collected  from 
**  a  hen's  nest  in  the  henhouse  where 
these  fleas  live  and  breed."  There 
are  thus  two  definite  records  of  the 
appearance  of  this  flea  in  the  United 
States,  and  doubtless  it  may  be  found  in  other  localities.  Both  corre- 
spondents state  that  it  is  a  very  annoying  pest,  especially  to  htmian 
beings.  One  says:  "They  have  certainly  bitten  me  severely  and  my 
husband  also.  They  poison  me  so  that  the  bite  will  be  troublesome  for 
two  or  three  weeks  afterwards.*'  The  other  says:  "When  one  gets  an 
opportunity  to  bite  it  will  bite  several  times  in  a  short  distance.  The 
bites  soon  become  much  swollen,  are  red,  and  itch  intolerably." 

*  Bues,  C.  R.  A.     Two  external  parasites  of  poultry.     Unpublished  thesis,  Cornell  University.     1906. 


Fig.  19. —  The  common  hen  flea 
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methods  op  controlling  the  parasites  of  domestic  fowls 
The  measures  of  control  here  recommended  are  the  results  of  experi- 
ments through  several  years,  more  especially  with  the  chicken  mite  in 
the  Gulf  States,  where  it  is  especially  prominent  as  a  pest  of  domestic 
fowls.* 

Lice,  chicken  mites,  and  henr  fleas  are  all  responsive  to  much  the  same 
treatment.  What  is  effective  for  one  is,  broadly  speaking,  effective  for  all, 
though  the  lice  may  call  for  additional  and  special  treatment.  The  sug- 
gestions given  cover  the  methods  by  which  the  parasites  may  be  held  in 
check. 

Necessity  of  clean  surroundings  and  of  light 

From  work  with  the  poultry  mite  and  the  hen  flea  extending  over 

several  years,  the  writer  is  convinced  that  the  most  potent  cause  of  the 

presence  and  increase  of  these  parasites  is  filth  —  tmder  which  may  be 

included  droppings,  decaying  and  decayed  eggs,  and  bits  of  decayed  ma- 


FiG.  20. —  Poultry  house  providing  abundance  of  light  and  air 

terial  of  all  kinds.  Mites  especially  arc  found  in  great  numbers  in  the 
filth  that  has  sifted  through  the  straw  and  that  Ues  at  the  bottom,  in  the 
comers,  and  in  the  cracks,  of  the  nest.  If  a  partly  hatched  egg  happens 
to  be  broken  in  the  nest  the  mites  literally  swarm  over  it.  The  fUthier 
the  nest  becomes  from  droppings  and  broken  eggs,  the  more  abundant 
become  the  mites. 

Lack  of  light  is  another  cause  of  the  presence  and  increase  of  mites 
and  other  parasites.  Many  persons  believe  that  almost  anything  will 
answer  for  a  poultry  house.  The  only  light  that  enters  many  poultry- 
houses  is  what  filters  in  through  cracks  and  through  a  small  door,  which 
may  or  may  not  be  allowed  to  stand  open. 

Such  a  house  as  the  one  shown  in  figure  20,  facing  the  south,  is  almost 
ideal  so  far  as  obtaining  the  maximtun  amount  of  sunshine  and  air  is 
concerned.  The  open  windows  should  be  fitted  with  cloth  curtains 
fastened  to  wooden  frames  hung  on  hinges.  During  the  day  in  pleasant 
weather  the  curtains  may  be  swung  up  out  of  the  way.  At  night  they 
may  be  let  down  to  close  the  windows,  thus  making  the  house  warmer 
but  allowing  sufficient  air  to  enter  for  ventilation. 

*Herrick,  G.  W.     The  chicken  mite.     Mississippi  Agr.  Exp.  Sta.     Bui.  78.     xgoa. 
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Inside  of  poultry  house  • 

The  poultry  house  should  be  high  enough  and  roomy  enough  inside 
so  that  one  can  go  in  and  walk  about  with  some  degree  of  comfort  and 
pleasure.  It  is  a  place  that  should  be  visited  every  day  in  order  that 
it  may  receive  proper  attention.  A  poultry  house  built  in  such  a  way 
that  one  has  to  crawl  through  a  small  door  in  order  to  enter,  and  then 
go  groping  around  in  semidarkness,  half  bent  to  the  ground  for  fear  of 
biunping  the  head  against  the  roof,  will  receive  few  visits  and  scant 
attention. 

The  inside  of  the  house  should  be  planned  so  that  nearly,  if  not  quite, 
everything  —  perches,  dropping  board,  and  nest  boxes — can  be  removed, 
leaving  nothing  but  the  foiu"  bare  walls.  It  would  be  advantageous 
to  have  the  floor  made  of  concrete.  This  would  aid  in  insuring  dryness, 
cleanliness,  and  freedom  from  parasites.  As  few  pieces  of  timber  as 
possible  should  be  nailed  permanently  to  the  walls  of  the  house,  the  object^ 
being  to  eliminate  everything  possible  that  might  afford  a  hiding  place 
for  the  parasites  and  protect  them  from  whatever  insecticides  might  be 
used.  In  such  a  house  every  part  of  the  walls  can  be  thoroughly  treated 
with  kerosene  oil,  carbolic  acid,  or  any  other  insecticide.  Perches,  nest 
boxes,  and  other  fixtures  are  also  much  more  easily  cleaned  and  treated 
if  removed  from  the  house  than  if  they  are  in  place. 

To  clear  an  infested  poultry  house  of  mites 

It  often  happens  that  a  poultry  house  becomes  infested  with  mites 
from  floor  to  roof  and  in  every  nook  and  cranny.  If  the  house  is  of  the 
older  type  and  not  too  valuable,  it  may  be  justifiable  to  bum  it  and  build 
anew.  In  any  case  the  perches  and  nests  should  be  torn  out,  in  order  to 
facilitate  the  application  of  insecticides.  The  next  thing  to  do  is  to  clean 
the  walls  and  floors  by  giving  theni  a  thorough  sweeping.  The  inside  of 
the  house  should  then  be  sprayed  with  kerosene  or  crude  petroleum.  It 
is  best  to  begin  at  a  certain  place  and  go  over  walls  and  floor  with  the  oil, 
appl^nng  it  with  considerable  force  by  means  of  a  pump  and  not  stopping 
until  every  square  inch  has  been  covered.  The  liquid  should  be  forced 
into  cracks  and  crevices  tetween  the  boards.  The  oil  will  kill  all  the 
eggs  that  are  hit,  but  some  eggs  will  surely  escape  being  touched.  As 
it  takes  from  four  to  five  days  for  the  eggs  to  hatch,  the  walls  should  be 
gone  over  again  in  about  a  week  in  order  to  kill  the  young  mit.es  that  appear 
in  the  meantime.     In  another  week  a  third  application  may  be  necessary. 

If  it  is  thought  preferable,  the  kerosene  or  crude  petroleum  may  be 
made  into  an  emulsion  ^  and  diluted  to  ten  or  fifteen  per  cent,  which  will 
kill  all  the  mites  actually  hit.  The  emulsion  is  made  as  follows:  One- 
half  pound  of  laundry  soap  or  whale-oil  soap  is  shaved  fine  and 
dissolved  in  one  gallon  of  water.  The  soap  is  best  dissolved  if  the  water 
is  nearly  or  quite  at  the  boiling  point.  When  the  soap  is  dissolved 
and  the  water  is  hot,  it  is  removed  from  the  fire,  2  gallons  of  kerosene 
oil  is  added,  and  the  mixture  is  agitated  or  churned  violently  until  a  white, 
creamy  emulsion  is  formed.  The  best  way  to  produce  the  emulsion  is 
to  pump  the  liquid  back  into  itself  through  the  pump  until  the  mixture 

•  Hcrrick,  G.  W.     The  chicken  mite.     Mississippi  Agr.  Exp.  Sta.     Bui.  78.     1902. 

*  Repp>  John  J.    The  chicken  xnite.     Iowa  State  Cohegc  Exp.  Su.    Bui.  69.     1903. 
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becomes  creamy.  To  make  a  ten-per-cent  emulsion  17  gallons  of  water 
is  added  to  the  3  gallons  of  stock  mixture;  to  make  a  fifteen-per-cent 
emtilsion  loj  gallons  of  water  is  added  to  the  3  gallons  of  stock  mixture. 
It  is  advisable  to  follow  the  application  of  the  oil  to  the  walls  of  the  house 
by  a  dusting  of  dry  air-slaked  lime  3  parts  and  sulfur  i  part.  The 
windows  and  doors  of  the  house  should  be  closed  and  the  lime-sulfur 
should  be  thrown  up  to  the  roof  and  against  the  walls  until  the  air  is 
full  of  the  particles.  The  powder  will  gradually  settle  everjnvhere,  much 
of  it  entering  cracks  and  crevices. 

Isolation  of  poultry  house 

It  is  a  well-known  fact  that  the  poultry  mite  sometimes  attacks  horses, 
causing  sores  on  the  skin  and  a  consequent  falling-out  of  the  liair,  thus 
making  bald  spots  at  points  of  infestation.  Such  attacks  on  horses  by 
l!)oultry  mites  occur  only  when  infested  fowls  have  roosted  near  the  stable. 
Sometimes  poultry  houses  are  built  adjoining  the  horse  stable,  and  some- 
times fowls  are  allowed  to  roost  over  the  horses  or  even  about  the  mangers. 
In  such  cases  there  is  danger  of  an  attack  on  the  horses  by  mites.  For 
this  reason  poultry  houses  should  be  built  at  some  distance  from  other 
farm  buildings,  especially  from  horse  and  cow  stables. 

Isolation  of  sitting  hens  * 

It  is  customary  on  many  farms  to  place  sitting  hens  on  eggs  in  the 
same  house  with  the  other  fowls.  Mites  are  likely  to  infest  brooding 
fowls  and  to  increase  enormously  in  the  nests  of  the  fowls.  It  is  there- 
fore desirable  to  have  sitting  hens  apart  by  themselves,  in  a  separate 
room  or  a  separate  building.  It  seems  not  to  be  a  good  practice,  however, 
to  set  hens  in  boxes  and  barrels  here  and  there  about  the  grounds,  as  this 
often  exposes  the  fowls  to  the  injurious  effects  of  rain  and  storms. 
A  woman  living  in  Missouri,  writing  for  an  agricultural  paper,  says: 
**  Hens  should  be  set  in  a  room  fitted  up  for  that  purpose  with  nests  like 
those  in  which  they  lay.  When  one  is  ready  to  sit,  and  her  service  is 
wanted,  a  clean  box  should  be  obtained,  treated  with  kerosene  and  carbolic 
acid,  and  sprinkled  with  lime,  after  which  a  good  soft  nest  should  be 
built  therein." 

It  must  be  remembered  also  that  sitting  hens  need  some  attention. 
Not  infrequently  an  egg  is  broken  in  the  nest.  When  this  happens,  the 
egg  should  be  removed  and  the  others  with  which  it  has  come  in  contact 
should  be  carefully  washed  with  warm  water  and  wiped  dry.  If  there 
are  droppings  in  the  nest  they  should  be  removed.  It  is  of  advantage 
to  dust  fresh  insect  powder  on  the  hen  occasionally  while  she  is  brooding. 
To  facilitate  the  care  and  handling  of  a  brooding  fowl,  some  attention 
and  thought  should  be  given  to  the  selection  of  the  right  kind  of  a  hen. 
A  quiet,  motherly,  easily  handled  hen  should  be  chosen.  The  idiosyn- 
cracies  and  character  of  a  hen  have  much  to  do  with  her  success  as  a  mother. 

Treatment  of  male  birds 
An  infested  rooster  is  a  fruitful  source  of  distribution  of  lice  and  other 
parasites   throughout   a   whole   flock.     Particular   attention   should   be 

H  Her  rick.  G.  W.     The  chicken  mite.     Mis8issii>pi  Agr.  Bxp.  Sta.     Bal.  78*     i9oa* 


Digitized  by  VjOOQ IC 


Poultry  Parasites 


959 


paid  to  ridding  male  birds  of  these  parasites.  It  would  be  well  to  dust 
the  males  occasionally  in  a  thorough  manner  with  the  Cornell  (Lawry) 
powder.  Moreover,  when  a  new  cockerel  is  introduced  into  the  flock 
it  is  a  good  practice  to  isolate  him  for  a  few  days  and  make  two  or  three 
thorough  applications  of  the  powder,  being  sure  that  the  bird  is  free 
from  all  parasitic  affections  and  diseases  before  allowing  him  to  be  with 
the  flock. 

Dust  bath  for  hens 

Rice  says  that  "  a  dust  wallow  is  as  essential  to  a  fowl's  health  and 
happiness  as  a  water  bath  is  to  the  health  of  a  hirnian  being*  It  is 
a  common  thing  to  see  hens 
and  chickens  wallowing  in 
dry  dust.  They  make  a  hol- 
low place  in  the  ground  to 
conform  with  the  body,  and 
in  this  they  lie,  scratching 
with  the  feet,  fluttering  the 
wings,  and  elevating  the 
feathers  until  they  stand  all 
fluffy  and  loose  over  the 
body.  By  scratching,  the 
fowls  loosen  and  pulverise 
the  soil,  which  is  worked 
down  in  among  the  feathers. 
This  is  not  done  wholly  for 
pleasure,  although  the  fowls 
apparently  enjoy  it;  the  fine 
dust  is  an  excellent  insec- 
ticide and  aids  in  controlling 
mites  and  lice. 

There  are  days  and  seasons 
of  the  year  when  fowls  can- 
not find  dry,  dusty  places  in 
which  to  wallow.  Moreover, 
where  fowls  are  kept  in  a  ^ 
ix?n  or  a  yard  they  are  not 
always  able  to  find  a  satis- 
factory dust  bath.  In  view 
of  these  facts  a  dust  bath  should  be  provided  and  made  accessible  at  all 
times  and  seasons. 

The  finer,  lighter,  and  drier  the  dust,  the  more  satisfactory  it  will  be. 
Some  kinds  of  light  road  dust  are  good;  fine  sandy  loam  is  excellent. 
Whatever  soil  is  used,  it  is  well  to  lighten  it  by  mixing  it  with  finely  sifted 
coal  ashes.  It  is  also  advantageous  to  add  now  and  then  small  quantities 
of  snuff,  sulfur,  or  dry  slaked  lime,  or  all  three  of  these. 

The  box  containing  the  dust  should  be  set  near  a  window,  where  the 
dust  will  be  kept  dry  and  warm  and  where  the  sunlight  will  reach  it  for 
a  considerable  part  of  the  day.  The  mixture  may  be  kept  in  an  open 
box,  but  in  this  case  the  fowk  that  are  not  dusting  are  compelled  more 

*  Rice,  J.  E.,  and  Rogers,  C.  A.  Building  poultry  houses.  Cornell  Univ.  Agr.  Exp.  Sta.  Bui.  274:30. 
1910. 
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or  less  to  inhale  the  particles  of  dust.  Because  of  the  dust's  rising,  it 
is  of  advantage  to  keep  the  fine  soil  in  a  covered  box  with  a  lid  on  top 
for  easy  filling;  a  small  opening  in  one  side  of  the  box  should  be  provided 
for  the  entrance  of  the  fowls  (Fig.  21). 

Dusting  Jowls 

The  measures  of  control  thus  far  outlined  are  more  especially  applicable 
to  the  poultry  mite,  although  most  of  the  measures  discussed  are  of 
value  in  controlling  hen  lice  also.  The  lice,  as  has  been  pointed  out, 
are  permanent  parasites  and  rarely  leave  their  hosts.  Therefore  appli- 
cations of  oil  to  the  walls  of  the  house,  the  perches,  and  other  fixtures  do 
not  reach  the  lice  on  the  hens.  Light,  cleanliness,  fresh  air,  and  dust 
baths  are  of  great  value  in  fighting  lice,  but  it  sometimes  becomes  neces- 
sary to  actually  hit  the  lice  with  an  insecticide  in  order  to  check  or  destroy 
them.  For  this  purpose  dust  insecticides  are  usually  recommended  and 
applied. 

The  best  dust  insecticide  that  the  writer  has  ever  known  is  the  Cornell 
(Lawry)  powder.  It  is  made  in  the  following  way*°:  Two  and  one-half 
pounds  of  plaster  of  paris  is  spread  in  a  shallow  pan  or  tray.  One-fourth 
pint  of  crude  carbolic  acid  is  poured  into  a  cup.  and  into  this  is  poured 
three-fourths  pint  of  gasoline.  The  mixture  of  acid  and  gasoline  is  poured 
over  the  plaster  of  paris  and  thoroughly  mixed.  It  is  then  rubbed  through 
a  wire  window  screen  on  a  piece  of  paper  and  allowed  to  stand  for  from  one 
and  one-half  to  two  hours  or  until  thoroughly  dry.  It  must  not  be  placed 
near  a  flame  or  any  heat.  The  powder  should  be  kept  in  a  closed  can  or  jar, 
where  it  will  retain  its  strength  for  a  long  time.  The  powder  is  applied  by 
means  of  an  ordinar}*^  sifter  or  with  the  finger,  and  is  worked  in  among  the 
feathers  about  the  vent,  in  the  fluff,  and  under  the  wings.  In  extreme  cases 
the  application  should  be  repeated  in  about  two  weeks.  A  small  pinch 
of  the  powder  is  sufficient  for  a  fowl. 

Cost  oj  dusting  fowls 

It  seemed  desirable  to  ascertain  the  approximate  cost  of  dusting  hens 
with  the  Cornell  powder.  Several  extensive  trials  were  made  in  cooper- 
ation with  the  Dqjartment  of  Poultry  Husbandry.  The  work  of  dusting 
was  performed  by  students,  who  proved  fairly  skillful  after  a  little  practice. 
The  results  of  these  trials  are  shown  in  the  following  table: 

Cost  of  Dusting  Fowls 


Pen  no 

Number  of  fowls 

Number  of  students 

Time  (in  minutes) 

Powder  used  (in  pounds) . . 

Cost  of  powder 

Cost  of  labor 

Total  cost 

Cost  per  one  hundred  hens, 


7 

8 

8 

II 

9 

367 

175 

220 

401 

228 

7 

5 

4 

4 

5 

82 

64 

53 

70 

51 

3-7 

^  2.3 

4.2 

-  5-3 

2.3 

I.13 

$.08 

$.15 

$.19 

$.08 

$1  45 

$.56 

$.53 

$.70 

$.64 

$1.58 

$.64 

$.68 

|.89 

f.72 

$■43 

$-37 

izi 

$.22 

$.32 

II 
232 

5 
47 

3 
09 

59 
.68 
29 
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It  is  seen  from  this  table  that  the  average  cost  of  dusting  was  a  little 
over  32  cents  for  each  one  hundred  fowls.  This  is  a  little  less  than  one- 
third  of  a  cent  for  each  fowl.  Considering  the  effectiveness  of  the  powder, 
this  is  not  an  excessive  amount  to  spend  for  controlling  lice. 

Dipping  fowls 
The  writer  has  had  no  experience  in  dipping  fowls,  and  on  general 
principles  would  not  advise  it.  The  effect  on  the  fowl  is  rather  severe  and 
the  shock  must  be  considerable.  The  following  dips  have  been  used: 
(i)  Pure  carbolic  acid,  ij  ounces  in  i  gallon  of  hot  water.  After  the 
solution  has  cooled,  the  fowl  should  be  immersed  in  it  for  one  mintUe  only, 
(2)  Creolin  at  the  rate  of  2 J  ounces  to  a  gallon  of  water  may  be  used 
instead  of  carbolic  acid. 

Mixtures  for  painting  perches 

One  of  the  most  convenient  mixtures  for  painting  perches,  nest  boxes, 
or  walls  of  a  poultry  house,  is  a  combination  of  crude  carbolic  acid  and 
kerosene.  Three  parts  of  kerosene  and  one  part  of  crude  carbolic  add 
make  an  effective  mixture  for  killing  eggs,  mites,  lice,  fleas,  and  any 
parasites  that  may  be  present  in  craclffi  and  crevices  of  the  house.  There 
is  no  objection,  other  than  that  of  the  expense,  to  using  this  mixture 
for  spraying  walls  and  perches. 

Another  mixture  for  painting  perches  and  nest  boxes  is  known  as 
cresol  soap}^  It  is  made  by  shaving  "  one  ten-cent  cake  of  latmdry  soap 
into  one  pint  of  soft  water.  Heat  or  allow  to  stand  until  a  soap  paste 
is  formed.  Stir  in  one  pound  of  commercial  cresol  and  heat  or  allow 
to  stand  until  the  soap  paste  is  dissolved.  Stir  in  one  gallon  of  kero- 
sene. Cresol  is  a  coal  tar  product  and  may  be  obtained  from  the  druggist 
at  about  30  cents  per  potmd.  Care  should  be  taken  not  to  get  any  of  it 
upon  the  hands  or  face  as  it  will  cause  intense  smarting.  For  use  as 
a  lice  paint,  apply  imdiluted." 

<i  Pierce,  H.  C,  and  Webster.  R.  L.  Lice  on  fowls.  Iowa  State  College  Exp.  Sta.  Press  bul.  No.  i8. 
1909. 
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AGRICULTURAL  EXPERIMENT  STATION   OF 

THE  COLLEGE  OF  AGRICULTURE 
Department  of  Dairy  Industry 


METHODS  OF  MAKING  SOME  OF  THE  SOFT  CHEESES 

W.  W.  FisK 

For  a  number  of  years  the  Department  of  Dairy  Industry  at  the  New 
York  State  College  of  Agriculture  has  been  making  a  study  of  the  methods 
of  manufacture  of  the  commoner  varieties  of  soft  cheeses,  with  the  object 
of  ascertaining  the  method  that  will  give  the  best  product  for  each  variety. 
Tests  have  been  made 
of  various  tempera- 
tures for  setting  the 
milk,  various  quanti- 
ties of  acid  to  be  used 
in  the  milk  when  set, 
various  quantities  of 
starter,  various  quan- 
tities of  rennet  extract, 
and  various  methods  of 
holding.  The  method 
of  manufacture  here 
presented  for  each  kind 
of  cheese  is  the  one  that 
was  found  to  give  the 
best  results. 

There  are  certain 
requirements  which 
must  be  complied  with 
in  order  that  the  cheese 
shall  be  of  prime  uni- 
form quality:  (i)  The 


Fig.  22. — Homemade  device  for  pasteurizing 


cheese  must  have  a  good  flavor.  It  can  be  of  no  better  flavor  than  the  milk 
from  which  it  is  made,  and  therefore  there  must  be  a  supply  of  good  milk. 
(2)  The  room  in  which  the  cheese  is  made  must  be  so  constructed  that  the 
temperature  can  be  controlled.  This  is  necessary  in  order  to  insure  a  uni- 
form development  of  lactic  acid.  (3)  A  good,  clean  starter  must  be  used. ^ 
The  starter  not  only  hastens  the  development  of  lactic  acid,  but  also  tends 

>  Propagation  of  starter  for  butter  making  and  chees3  making.     By  E.  S.  Guthris  and  W.  W.  Pisk. 
Circular  No.  ij,  Cornell  University  Agricultural  Experiment  Station.     (Out  of  print.) 
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to  correct  or  overcome  bad  flavors  in  the  milk.  (4)  The  equipment  mtist 
include  an  acid  test,  by  means  of  which  the  amount  of  acid  in  milk  and  in 
whey  can  be  quickly  determined  at  the  different  stages  of  manufacture. 


PASTEURIZATION 

All  the  soft  cheeses  can  be  greatly  improved  in  flavor,  body,  and 
texture  by  pasteurizing  the  milk.  Practically  the  same  results  can  be 
accomplished  by  the  use  of  a  homemade  pasteurizer  as  by  the  improved 
machines  for  pasteurizing. 

One  very  easy  method  of  pasteurizing  mUk,  when  one  of  the  especially 
constructed  machines  is  not  available  and  only  a  small  quantity  of  milk  is  to 
be  pasteurized,  is  to  cut  off  the  upper  part  of  a  barrel  and  insert  a  steam 

pipe  in  the  barrel  (Fig.  22).  The  can 
of  milk  to  be  pasteurized  is  put  into 
the  barrel  and  the  steam  is  turned  on. 
Care  should  be  taken  that  the  milk  is 
not  heated  to  too  high  a  temperature, 
and  it  should  be  stirred  frequently  in 
order  to  insure  even  temperature  and 
to  prevent  a  cooked  flavor  in  the  prod- 
uct. The  stirring  may  be  done  with 
either  a  dipper  or  an  especially  con- 
structed stirrer;  in  cither  case  the  im- 
plement should  be  left  in  the  can  and 
the  can  kept  covered  as  much  as  pos- 
sible while  the  milk  is  being  heated 
and  cooled,  as  otherwise  contamina- 
tion is  likely  to  occur.  The  improved 
pasteurizers  have  a  mechanical  stirrer. 
An  arrangement  by  which  the  milk 
may  be  stirred  without  removing  the 
cover  is  shown  in  figure  22;  but  in 
order  to  take  the  temperature  —  w^hich 
should  be  taken  with  a  sterile  ther- 
mometer —  it  is  necessary  to  remove 
the  cover.  This  apparatus  also  makes  a  very  good  outfit  for  the  preparation 
of  starter. 

By  whatever  method  pasteurization  is  accomplished,  the  milk  should  be 
heated  to  a  temperature  not  above  140°  F.  for  fifteen  minutes,  and  then 
immediately  cooled  to  the  setting  temperature.  If  heated  to  too  high  a 
temperature  the  milk  will  have  a  very  imdesirable  cooked  flavor  and  this 
will  be  imparted  to  the  cheese. 

Pasteurizing  the  milk  tends  to  overcome  the  difficulties  encoimtered  in 
making  cheese  from  gassy  milk.  Also,  cheese  made  from  pasteurized 
milk  is  much  smoother  in  texture  than  cheese  made  from  raw  milk,  and 
the  yield  is  slightly  greater. 

The  method  of  manufacture  is  the  same  whether  or  not  the  milk  has 
been  pasteurized,  except  that  less  starter  is  used  with  pasteurized 
milk. 


Fig.  23. —  Pasteurizer  with   mechanical 
agitator 
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POT  cheese,  baker's  cheese,  and  cottage  cheese 
Pot  cheese 

Pot  cheese  is  the  kind  of  cheese  usually  made  by  the  housewife  by 
souring  skimmed  milk  on  the  stove.  It  is  now  more  extensively  made  in 
dairy  plants  than  was  formerly  the  case.  By  the  use  of  a  thermometer 
an^  a  clean  commercial  starter,  a  product  more  uniform  in  quality  than 
would  otherwise  be  possible  will  be  obtained. 

Method  of  manufacture. — ^The  skimmed  milk  as  it  comes  from  the  sep- 
arator should  be  at  a  temperature  of  from  85°  to  90°  F.  It  should  be  rtm 
into  a  vat  and  should  not  be  allowed  to  cool  below  80°  F. ;  held  at  this  high 
temperature  it  will  sour  or  thicken  much  more  quickly  than  if  held  at  a 
lower  temperature.  The  souring  can  be  accelerated  by  the  use  of  a  starter, 
which  may  be  added  at  the  rate  of  from  0.5  to  5  per  cent  of  the  skimmed 
milk  used,  depending  on  the  amount  of  starter  that  can  be  made.  Gen- 
erally, the  more  starter  that  can  be  added,  the  more  rapid  will  be  the 
coagulation  and  the  better  will  be  the  flavor  of  the  cheese.  As  soon  as 
the  milk  has  thickened,  the  curd  is  ready  to  be  broken  up  and  separated 
from  the  whey.  This  separation  is  hastened  by  the  application  of  heat. 
Usually  the  temperature  of  the  curd  is  raised  slightly  before  it  is  broken 
up;  since  this  makes  the  curd  firmer,  there  will  be  a  smaller  loss  of  curd 
particles  in  the  whey.  The  curd  may  be  cut  with  coarse  cheddar  cheese 
knives  or  broken  with  a  rake.  The  temperature  of  the  curd  should  be 
raised  very  slowly,  at  least  thirty  minutes  being  taken  to  reach  the  desired 
final  temperature.  No  set  rule  can  be  given  as  to  the  exact  temperature 
to  which  the  curd  should  be  heated.  The  temperature  should  be  raised 
until  a  point  is  reached  at  which  the  curd,  when  pressed  between  the  thumb 
and  the  fingers,  will  stick  together  and  not  go  back  to  the  milky  state. 
This  temperature  is  usually  from  94^  to  100°  F.,  but  the  cheese  maker 
must  use  his  own  judgment  in  this  respect.  If  the  curd  is  heated  too  much 
it  will  be  hard  and  diy;  on  the  other  hand,  if  it  is  not  heated  sufficiently 
the  whey  will  not  separate  from  the  curd  and  the  curd  will  be  very 
soft  and  mushy.  When  the  curd  has  been  heated  sufficiently  and  has 
become  firmed  in  the  whey,  it  should  be  removed  from  the  whey.  This 
may  be  done  either  by  letting  down  one  end  of  the  vat  and  piling  the  curd 
in  the  upper  end,  or  by  dipping  out  the  curd  into  a  cloth  bag  and  allow- 
ing the  whey  to  drain,  which  it  does  very  rapidly. 

When  dry  the  curd  may  1x5  packed  in  milk  cans  and  shipped,  or  put 
into  cloths  and  pressed  into  small  bricks  weighing  about  two  pounds. 
It  is  usually  made  into  cottage  cheese,  either  at  the  factory  or  after  ship- 
ment. 

Yield. — The  yields  obtained  in  the  various  tests  are  shown  in  table  i. 
The  yield  from  one  hundred  pounds  of  skimmed  milk  varies  from  fourteen 
to  nineteen  pounds  of  cheese,  as  indicated  by  the  table.  The  table  also 
shows  a  slightly  higher  yield  for  pasteurized  milk.  The  yield  varies  with  the 
moisture  content  of  the  cheese,  being  in  general  greater  for  cheese  with  a 
high  moisture  content.  Too  much  moisture  or  whey  should  not  be  left 
in  the  curd,  however,  as  this  would  render  it  too  soft  to  be  handled. 

Qualities  of  pot  cheese. — Pot  cheese  should  have  a  clean,  pronounced, 
acid  flavor.     It  should  be  grainy  in  texture,  but  free  from  hard,  dry  lumps. 
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Since  no  attempt  is  nrnde  during  the  manufacturing  process  to  control  the 
acidity,  the  cheese  will  sour  or  spoil  in  a  short  time. 

TABLB  I.    Yield  of  Pot  Cheese  from  Pasteurized  and  from  Unpasteurized 

Milk 


Quantity 
of  miUc 
(pounds) 


Treat- 
ment 


Tempera 
ture  of 
milk    when 
starter 
ras    added 
(Fahren- 
heit) 


Tempera- 
ture of 
curd 
when 
dipi^ed 
(Fahren- 
heit) 


Yield  of 

cheese 

(pounds) 


Pounds 
of  cheese 
from  roc 
pounds 
of  milk 


Percent- 
age of 
starter 


Condition 
of 


25 
25 
25. 
29 
25. 
25 
25. 
25 
25 
23. 
25. 


Average,  25 .  i8 . 


Not    pas- 
teurized 


70** 

"! 
76° 
76<' 
76« 
100° 


96* 
100* 
I  OS" 
110° 
100° 

92« 


4.2 
4.0 
4.0 

5.5 
3.6 
3  9 
3  5 
4.0 
3-5 
3  5 
4-2 


17.0 
16.0 
16.0 
18.9 
14.4 
15.6 
14.0 
16.0 
14.0 
15.2 

16.8 


2.0 
2.0 
2.0 
3.0 
4.0 
3.0 
2.0 
13 

SO 
2.0 

I.O 


Very  mois 
Dry 
Dry 

Very  dry 
Dry 
Very  dry 


15.8 


25 
25- 
21. 
25- 
25. 
25. 


Pasteurized 
at 
150"  P 

160°  P 
155**  P 
145°  P 
140'' P 


75* 
75^ 
76° 
75* 


94* 
108* 


18.0 
tS.o 
19  o 
17.0 
18.0 
18.0 


0.7 
0.7 
0.2 
o.s 
1.0 
13 


Very  dry 
Very  dry 


Average.  24.3 . 


18.0 


Baker's  cheese 

Baker's  cheese  is  best  made  from  skimmed  milk  by  the  use  of  commer- 
cial starter  and  rennet  extract.  This  process  is  longer  than  that  for  pot 
cheese,  because  it  takes  longer  to  get  a  coagulation  and  longer  for  the  whey 
to  drain  from  the  curd.  The  name  is  due  to  the  fact  that  the  cheese  is 
used  to  a  considerable  extent  by  bakers  as  filling  for  pies  and  cakes*. 

Method  of  manufacture. — ^The  milk  from  the  separator  should  be  cooled 
and  held  at  such  a  temperature  that  the  acidity  will  not  be  above  0.2  per 
cent  at  the  time  when  the  starter  and  the  rennet  are  added.  If  the  rnilk 
is  fresh  and  sweet  when  separated  it  will  not  have  to  be  cooled  below  the 
setting  temperature  of  75°  F.  The  starter  and  the  rennet  should  not  be 
added  until  late  in  the  afternoon,  because  if  they  are  added  too  early  the 
coagulation  period  will  be  too  long.  The  time  from  setting  to  dipping 
should  be  about  twelve  to  fifteen  hours.  At  the  time  when  the  starter 
and  the  rennet  are  added,  the  milk  should  be  at  a  temperature  of  75**  F,; 
and  this  temperature  should  be  maintained  tintil  the  curd  is  dipp>ed. 

Sufficient  starter  should  be  added  in  the  afternoon  so  that  the  acidity 
of  the  whey  separating  from  the  cnird  the  next  morning  at  the  time  of 
dipping  will  be  from  0.45  to  0.5  per  cent.  Generally,  from  one  to  three 
pounds  of  starter  for  every  thousand  pounds  of  milk  is  sufficient.  The 
amount  of  starter  to  be  used  depends  on  the  acidity  of  the  milk,  the  tem- 
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perature  at  which  the  milk  is  held  during  the  coagulating  period,  the  acidity 
of  the  starter,  and  the  length  of  time  allowed  for  coagulation. 

If  the  milk  is  too  sweet,  the  starter  may  be  added  some  time  before 
adding  the  rennet;  usually,  however,  the  rennet  is  added  as  soon  as  the 
starter  has  been  thoroughly  distributed  through  the  milk.  The  rennet 
extract  should  be  added  at  the  rate  of  from  one-third  to  one-half  oimce 
for  every  thousand  pounds  of  milk.  Before  it  is  added  to  the  milk  the 
rennet  should  be  diluted  with  cold  water  in  the  proportion  of  forty  parts 
of  water  to  one  part  of  rennet  extract;  this  checks  the  action  of  the  rennet 
so  that  it  can  be  evenly  mixed  with  the  milk.  The  action  of  the  starter 
and  the  rennet  will  coagulate  the  milk  in  a  short  time;  it  should  be  left 
imdisturbed,  however,  imtil  the  following  morning,  when  the  coagulation 
will  be  firm  and  the  whey  will  have  begim  to  separate. 

The  whey  separating  from  the  curd  the  following  morning  should  have 
an  acidity  of  from  0.45  to  0.5  per  cent.     If  the  acidity  is  above  this  amount 


Fig.  24. —  Draining  rack,  with  milk  cans  full  of  water  used  for  pressure 

further  development  should  be  checked  by  the  addition  of  salt,  since 
too  much  acid  is  very  likely  to  cause  an  acid  cheese;  if  the  acidity  has 
not  reached  this  point,  the  curd  should  not  be  disturbed  until  it  does,  as 
an  insufficient  amount  of  acid  causes  difficulty  in  separating  the  curd 
and  the  whey. 

The  separation  of  curd  and  whey  is  best  accomplished  by  dipping  them 
onto  a  large  cloth  in  a  curd  sink,  allowing  the  whey  to  drain  away  (Fig. 24). 
The  curd  should  be  rolled  from  the  cloth  (Fig.  26,  page  976) ,  in  order  that  the 
pieces  of  curd  next  to  the  cloth  will  not  become  too  dry  and  also  that  the 
whey  will  have  a  better  opportimity  to  escape.  The  expulsion  of  the  whey 
can  be  hastened  by  the  application  of  pressure.  This  may  be  brought  about 
by  covering  the  curd  with  the  cloth,  placing  a  board  on  top  of  the  cloth,  and 
setting  cans  of  water  on  the  board;  or  the  curd  may  be  placed  in  cheddar- 
cheese  hoops  and  pressed.  The  curd  should  be  stirred  occasionally  so  that 
the  particles  next  to  the  cloth  will  not  become  too  dry,  as  this  causes  the 
formation  of  hard  liunps  which  will  not  mix  with  the  remainder  of  the 


Digitized  by  VjOOQ IC 


968 


Circular  No.  30 


curd  and  a  lumpy  texture  results.     When  sufficiently  dry  the  curd  is  usu- 
ally packed  for  shipment  in  milk  cans  or  in  specially  constructed  cans. 

Yield. — ^The  yield  of  baker's  cheese  from  pasteurized  and  from  tm- 
pastcurized  milk  is  given  in  table  2.  From  this  table  it  is  seen  that  pas- 
teurization increases  the  yield  by  about  two  pounds  of  cheese  for  one 
hundred  pounds  of  milk.  It  is  very  difficult  to  compare  yields  of  this 
cheese  because  the  yield  is  in  proportion  to  the  water  content,  which  varies 
within  wide  limits. 


TABLE  2. 


Yield  of  Baker*s  Cheese  from  Pasteurized  and  from  Unfasteurizfj) 
Milk 


e-. 


11 


30 

25 
25 

30 
26 
25 

25 


Av.,  26.6.. 


478. 

160. 
13 
25 
25. 


Not    pas- 
teurized 


s 

62{ 


"2  Hi 
< 


0.17 
0.2s 
0.28 
0.22 
0.18 
0.19 
0.18 


Pasteurized 
at 
160*' F. 
156*' F. 
200**  F. 
iSo«F. 
145°  F. 


0.17 
0.22 
0.15 
0.20 
0.18 


M   *. 

fci 

ti 

c 

•OtJ 

«> 

Era 

II 

III 

IS 

i. 

11 

ll 

3  « 
^  0. 

III 

■sg, 

r 

•g-g 

H 

0 

< 

H 

> 

(U 

75** 

1. 00 

0.33 

0.52 

70° 

6.0 

20.0 

75** 

0.50 

0.50 

0.65 

68° 

50 

20.0 

75° 

0.50 

0.50 

0.68 

OS*' 

5.0 

20.0 

K 

1. 00 

0.33 

0.43 

71° 

5.7 

19    2 

75! 

0.03 

0.50 

0.47 

68** 

5.0 

19    2 

7?; 

0.04 

0.33 

0.45 

72! 

4.6 

18    4 

75° 

0.02 
0. 10 

0.33 
4.00 

0.46 
0.4s 

73° 

4.5 
102.0 

18    0 

19  3 

21.3 

75° 

0.10 

2.00 

0.50 

72° 

34  0 

21.2 

"! 

0.05 

0.50 

0.45 

70° 

30 

23.1 

75° 

0.03 

0.75 

0.45 

71° 

5.5 

22.0 

75° 

0.04 

0.67 

o.si 

72'' 

45 

18    0 

21     I 

Normal 
Acid 

Very  acid 
Normal 
Normal 

Dry 


Normal 
Ncrmal 
Very  soft 
Normal 
Dry 


The  yields  given  in  table  3  show  the  results  that  may  be  obtained  in 
actual  commercial  practice.  This  table  gives  the  yield  of  cheese  from 
individual  vats  for  a  year,  and  also  the  average  monthly  yield  and  the 
total  yield  for  the  year. 

TABLE  3.    Yield  of  Baker's  Cheese  for  One  Year  from  Individual  Vats 


1 

M 
a 

•s 

« 

i 

1 

i 
1 

1 

•s 

1 

h 

11 

March,  1913 

700* 
500 
620 
600 
500 

30 
560 
700 

116. 0 
86.0 

97  0 
98.0 
79  0 

98.0 
139  5 

16.6 
17.2 

15-6 
16.3 
15.8 
18.3 
17  5i 
19.9 

March,  1913  . . , 
(continued) 

750 
660 
600 
700 
760 

145  0 

lOI.O 

126.0 

121    0 
146.0 

19  3 
15  3 
21 .0 

17  3 
19-2 

Total 

Average 

7.680 

1.358.0 

17.7 
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TABLE  3  (continued) 


I 


la 

O  en 

18 


a 

O 

(0 


6:3 


April,  1913. 


Total.... 
Average . 


May,  1913. 


Total.... 
Average . 


June,  1913. 


Total.... 
Average . 


July,  1913. 


750 
800 

850 
650 
650 
650 

550 
850 
650 
560 
520 
750 


160.0 
169.0 
165.0 
116. 5 

142.5 
147.0 

145-5 
163.5 
114. o 
105.0 
138.0 
112. o 


8.230 


1,678.0 


600 
800 
400 

850 

55 
800 
800 
800 
750 
850 
850 
570 
850 


118. o 
146.0 
78.0 
186.5 
7.0 
188.5 
169.0 
148.0 
108.5 

167.5 
182.0 
105.0 
200.0 


8.975 


1,804.0 


800 
700 
800 
560 
850 
850 
800 
800 
800 
800 
850 


128.5 

107.5 
160.5 

104.5 
128.0 
168.5 

139  5 
106.0 

153.5 
147  o 

173  5 


8,610 


1.5170 


850 
750 
800 
500 
400 


129.0 

"4  5 
129.0 

77.5 
78.0 


21.3 
21. 1 
19.4 

17  9 
21 .9 
22.6 
26.4 
19.2 
17.5 
18.7 
26.5 
14.9 


20.4 


19  7 
18.2 

19  5 
21 .9 
12.7 
23.6 
21. 1 
18.5 
14  5 
19  7 
21.4 
18.4 
23  5 


20.1 


16. 1 

15.4 
20.1 
18.7 
.15.0 
19.8 

17  4 
13  2 
19.2 
18.4 
20.4 


17.6 


151 
"53 
16. 1 

15  5 
19  5 


July.  1913  •  • . 
{continued) 


550 
850 
800 
800 
400 
700 
700 


107.5 
169.5 
159  5 
162.5 
56.0 

119  5 
102.0 


Total.... 
Average . 


8,100 


1.404  5 


August,  1913 .  . . 


500 
650 
600 
650 
650 
700 
500 
600 
580 
700 


94  5 
137  o 

845 

102.0 

81.0 

94  5 
69.0 
108.0 
88.5 
90.0 


Total..., 
Average . 


6,130 


949.0 


September,  191 3 


800 
600 
700 
850 
700 
700 
600 
500 
500 
570 


152  o 
121. o 
127.0 
149.0 

129  5 
113  o 

"3  5 
87.5 
93  o 

102.0 


Total.... 
Average . 


6,520 


1,187.5 


October,  191 3.. 


250 
350 
350 
850 
850 
750 
800 
750 
750 
700 


50.5 
69.5 
38 

183 

192 

172 

183 
164 
148.0 
139  5 


Total.... 
Average . 


6,400 


i»340.5 


19  5 
19.9 
19.9 
20.3 
14.0 
17. 1 
14.6 


17  3 


18.9 
21. 1 
14. 1 
157 
12.5 
13  5 
13  8 
18.0 
15  2 
12.9 


15  5 


19 
20 

18 

17 
18 
16 
18 

17 

18 


17  9 


18.2 


20.2 
19.8 
II  .0 

21  5 
22.6 
23.0 
22.9 
21 .9 
19.7 
19.9 


20.9 
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TABLE  3  (concluded) 


1 

J 

1 

1 

1 

1' 

0*2 

•s 

"o 

•s 

"o 

°l 

^ 

(0 

•ti 

*3 

1 

g 

Is 

[ 

g 

I2 

a« 

CU 

Q4 

a* 

cu 

a« 

November,  191 3. 

700 

159  0 

22.7 

January  191 4... 

300 

68.0 

22.7 

700 

156.0 

22.3 

(continued) 

500 

92.5 

18.5 

750 

1545 

20.6 

500 

108.5 

21.7 

500 

96.0 

19   2 

500 

122.0 

24  4 

750 

146.0 

*2  5 

500 

95  5 

19. 1 

350 

64  5 

18.4 

500 

88.0 

17.6 

500 

92.0 

18.4 

500 

104.0 

20.8 

500 
500 

86.0 
103.5 

17.2 
20.7 

400 

87-5 

21.9 

Total 

5.700 

I. 193 -5 

Total 

5.250 

1.057.5 

Average 

20.9 

Average 

20.1 

February,  1914. 

800 

.175  5 

21.9 

December,  191 3. 

400 

54-5 

13  6 

500 

100.5 

20.1 

500 

116. 5 

23  3 

800 

153  0 

19.1 

400 

88.0 

22.0 

800 

142.5 

17.8 

500 

107.5 

21  5 

500 

102.5 

20.5 

500 

89.0 

17.8 

460 

93  0 

20.2 

500 

102.0 

20.4 

90 

13.5 

15  0 

500 

91.0 

18.2 

478 

102.0 

21-3 

500 

100. 0 

20.0 

550 

104.0 

18.9 

500 

III. 5 

22.3 

300 

29.0 

9  7 

500 

107.0 

21.4 

500 

119  5 

23  9 

Total 

4,800 

967.0 

Total 

5.778 

1,135  0 

Average .  .... 

20.1! 

Average 

19. € 

Januaiy,  1914.  . 

500 

112.5 

22,5 

Total  for  year. 

82.173 

15. 591. 5 

500 

92.5 

18. 5! 

Average      for 

500 

109.5 

21.9; 

year 

19.0 

500 

113  0 

22.6 

1 

The  average  monthly  yield  for  two  years  is  shown  in  table  4.  Since 
these  figures  represent  the  result  of  two  years  of  commercial  work,  they 
show  the  variation  in  yield  that  may  be  expected.  While  the  average  yield 
per  month  varies  from  15.5  poimds  of  cheese  for  one  htmdred  pounds  of  milk 
(in  February,  1913,  and  in  August,  1913)  to  21.6  poimds  of  cheese  (in  Sep- 
tember, 1912),  nevertheless  there  is  little  difference  in  the  average  yields 
for  the  two  years. 

Qtialities  of  baker's  cheese. — ^Baker's  cheese  should  have  a  very  mild  acid 
flavor.  It  diould  be  smooth  in  texture  and  entirely  free  from  grains  and 
lumps.    It  will  keep  for  about  a  week  if  stored  in  a  cool  place. 

Cottage  cheese 
Method  of  manufacture. — Cottage  cheese  is  very  easily  made  from  either 
pot  cheese  or  baker's  cheese.    The  manufacturing  process  is  the  same  in 
either  case.    The  cheese  is  broken  up  and  salted  evenly,  two  ounces  of 
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salt  being  tised  to  ten  poirnds  of  curd.  Cream  or  butter  is  usually  mixed 
with  the  curd,  the  amount  depending  on  the  price  to  be  received  for  the 
cheese.  Usually,  the  greater  the  amount  of  fat  added,  the  higher  will  be 
the  price  received  for  the  cheese. 

Composition, — In  table  5  is  shown  the  composition  of  cottage  cheese 
made  by  adding  heavy  cream,  testing  about  50  per  cent  fat,  to  the  curd  at 
the  rate  of  one  pound  of  cream  for  each  one  hundred  pounds  of  skimmed 
milk  from  which  the  curd  was  made.  The  cheese  used  in  Analysis  I  was 
taken  directly  from  the  refrigerator,  so  that  the  exact  percentage  of  fat 
in  the  cream  was  not  known.  The  cream  used  in  the  cheese  of  Analysis  II 
tested  58  per  cent  fat;  that  of  Analysis  III,  50  per  cent  fat ;  that  of  Analysis 
IV,  50  per  cent  fat;  and  that  of  Analysis  V,  42  per  cent  fat.  The  table 
shows  that,  while  the  percentage  of  fat  varies  somewhat,  the  percentage 
of  moisture  varies  between  wider  limits.  The  composition  of  pot  cheese 
and  of  baker's  cheese  is  about  the  same  as  that  of  cottage  cheese,  except 
that  the  two  former  cheeses  contain  only  a  trace  of  fat. 

TABLE  5.    Composition  of  Cottage  Cheese 


II 


III 


IV 


Average 


Water 

Fat 

Protein 

Acid     (calculated    as    lactic 

jicid) 

Milk  sugar 

Ash 


72.8 

4  5 
16.9 

2.2 

1.8 
1.8 


74-4 
3.5 

17-5 

2.0 
0.8 
1.8 


74-2 

4.0 

16.9 

2.1 
14 

14 


70.9 

3.0 

20.7 

2.2 
1.2 
2.0 


71  7 

3-5 

19  5 

2.0 
1.8 
15 


72.8 

3  7 

18-3 

2.1 
14 
17 


Marketing. — Cottage  cheese  is  marketed  in  several  different  ways. 
The  commonest  method  of  marketing,  and  by  far  the  cheapest,  is  to  mold 
the  cheese  into  prints  or  balls  of  various  sizes  and  wrap  it  in  parchment 
paper.  If  this  is  to  be  done,  a  good  practice  is  to  measure  eadi  print  by 
an  ordinary  one-pound  butter  mold,  care  being  taken  that  the  mold  is  fuU 
and  that  there  are  no  air  spaces  in  the  cheese.  The  print  of  cheese  can 
then  be  cut  in  two  and  wrapped,  making  two  half-pound  packages — a 
very  desirable  size  for  family  use.  Paper  cut  six  by  eleven  inches  is  re- 
quired for  wrapping  packages  of  this  size.  The  cheese  may  be  put  up 
in  paper  cartons  of  various  sizes,  but  these  are  rather  expensive,  and  are 
very  likely  to  absorb  whey  and  thereby  become  so  soft  that  they  cannot 
be  handled.  In  a  few  cases  the  cheese  is  put  into  glass  jelly  tumblers, 
but  this  is  a  very  expensive  method  and  one  not  commonly  used. 

Qualities  of  cottage  cheese. — Cottage  cheese  should  be  clean  in  flavor, 
resembling  fresh  butter  in  this  respect.  It  may  or  may  not  be  grainy  in  tex- 
ture, but  it  should  be  free  from  hard,  dry  lumps.  If  it  is  made  from  baker's 
cheese  it  will  be  smooth  in  texture,  but  if  made  from  pot  cheese  it  will  be 
grainy. 

Defects  in  pot,  baker's,  and  cottage  cheese 

Pot  cheese,  baker's  cheese,  and  cottage  cheese  are  liable  to  the  same 
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kinds  of  defects.    These,  with  their  causes  and  remedies,  may  be  classified 
as  follows: 

I.  Defects  in  flavor 

(a)  Acid  flavors  (indicated  by  sour  taste  and  smell) 
Causes 

1 .  Too  high  acid  content  of  milk  used 

2.  Too  long  a  period  from  setting  to  dipping  i 

3.  Too  much  starter  ' 

4.  Too  high  a  temperature  at  setting 
Remedies 

1.  Use  of  sweeter  milk 

2.  Dipping  of  curd  when  the  whey  shows  from  045  to  0.5  per  cent  acidity 

3.  Use  of  less  starter 

4.  Setting  at  lower  temperature 

5.  Addition  of  salt  to  the  curd  as  soon  as  it  is  dipped,  in  order  to  check  acid 

development 

6.  More  rapid  working  of  curd 

(b)  Food  flavors  (characteristic  of  the  foods  eaten  by  cows) 
Causes 

1 .  Access  of  cows  to  such  foods  as  turnips,  onions,  leeks,  garlic,  weeds,  and  the  like 

2.  Exposure  of  milk  in  an  atmosphere  where  aily  of  these  focxls  are  exposed 
Remedies 

1.  Cows  must  not  be  allowed  to  eat  the  foods  named 

2.  Aeration  in  pure  air  will  help  to  remove  odors  from  the  milk 

(c)  Unclean  flavors  (Under  this  head  may  be  included  any  flavors  that  are  not  clean 

or  that  are  foreign  to  the  cheese  and  not  mentioned  above.    These  flavors 
may  be  caused  in  a  number  of  ways.  Only  the  leading  causes  are  mentioned) 
Causes 

1.  Use  of  a  starter  of  bad  flavor 

2.  Gassy  milk 

3.  Careless  milking 

4.  Use  of  dirty  milk  cans 

5.  Milk  not  being  properly  cooled  after  it  is  drawn  from  the  cow 

6.  Dirty  factory  conditions 
Remedies 

1.  Use  of  a  starter  of  good  flavor 

2.  A  supply  of  clean  milk 

3.  Cleanliness  of  everything  that  comes  in  contact  with  the  milk 
II.  Delects  in  body  and  texture 

(a)  Dry  and  mealy  textures  (shown  by  cheese  being  too  hard,  firm,  dry,  and  mealy) 
Causes 

1 .  Too  little  moisture  in  the  cheese 

2.  Too  high  development  of  acid 

3.  Use  of  too  much  rennet  extract 
Remedies 

1 .  Incorporation  of  more  moisture  into  the  cheese 

2.  Prevention  of  development  of  so  much  add 

3.  Use  of  less  rennet  extract,  and  provision  for  a  longer  coagulating  period 

(b)  Lumpy  texture  (shown  by  hard  lumps  of  various  sizes  in  the  cheese) 
Causes 

1.  Uneven  drying  of  the  curd 

2.  Uneven  coagtuation 

3.  Too  high  a  temperature  during  process  of  manufacture 

4.  Too  much  variation  in  temperature 
Remedies 

1.  Occasional  stirring  of  curd  so  that  it  will  dry  evenly 

2.  Even  mixing  of  rennet  through  the  milk 

3.  Provision  of  a  room  in  which  the  temperature  can  be  controlled 

(c)  Soft,  pasty  texture  (shown  by  cheese  being  soft  and  sticky) 
Causes 

1.  Cheese  not  sufficiently  dried 

2.  Pasteurization  of  milk  at  too  high  a  temperature 

3.  Use  of  too  nmch  cream 
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Remedies 

1 .  More  thorough  drying  of  the  curd 

2.  Pasteurization  of  milk  at  a  lower  temperature 

3.  Use  of  less  cream 

NEUFCHATEL  CHEESE 

As  its  name  indicates,  neufchAtel  cheese  originated  in  Prance.  It  is 
now  extensively  made  in  this  country,  but  by  different  methods  from  those 
originally  employed  in  France.  It  may  be  made  from  either  whole  milk 
or  partly  skimmed  milk,  pasteurized  or  unpasteurized. 

The  secret  of  success  in  making  neuf  ch&tel  cheese,  as  well  as  the  other 
varieties  of  soft  cheese,  lies  in  havii^  the  temperature  and  the  acidity 
under  control.  This  cheese  has  never  been  successfiilly  made  in  a  vat 
because  the  temperature  of  the  curd  throughout  cannot  be  <x)ntrolled. 
The  curd  nearest  the  sides  and  the  bottom  of  the  vat  will  be  colder  or 
warmer,  as  the  case  may  be,  than  that  in  the  center  of  the  vat.  This 
will  result  in  uneven  coagulation  and  uneven  acid  development. 

The  milk  for  the  maniifacture  of  this  cheese  must  be  of  a  clean  flavor. 
Too  much  attention  cannot  be  given  to  the  milk,  because  the  flavor  is  one 
of  the  most  important  characteristics  of  neufchAtel  cheese.  The  flavor  of  the 
cheese  can  be  no  better  than  the  flavor  of  the  milk  from  which  it  is  made. 
Gassy  milk  gives  the  cheese  not  only  a  poor  flavor,  but  also  a  poor  body. 

Method  of  manufacture. — ^The  manufacture  of  neufchfitel  cheese  is 
similar  to  that  of  baker's  cheese.  The  milk  to  be  used  should  be  placed 
in  tall  cans  holding  about  thirty  pounds.  The  temperature  of  the  milk 
should  be  brought  to  72**  F.,  and  the  cans  should  then  be  placed  in  a  vat  or 
a  tank  of  water  of  the  same  temperature.  The  val  or  tank  should  be 
filled  with  cans,  so  that  the  cans  will  not  float.  If  there  is  a  room  in  which 
the  temperature  can  be  controlled,  the  cans  may  be  placed  in  this  room  and 
it  will  not  be  necessary  to  set  them  in  water.  If  the  milk  is  received  in 
the  morning  and  there  is  danger  of  a  higher  development  of  acidity  than 
0.2  per  cent  before  setting  in  the  afternoon,  the  milk  should  be  held  cold 
imtil  it  is  ready  to  be  set,  when  it  should  be  warmed. 

The  milk  should  be  set  in  the  afternoon,  and  at  this  time  the  acidity 
should  be  not  higher  than  0.2  per  cent.  If  the  acidity  is  higher  than  this, 
cheese  of  acid  flavor  and  grainy  texture  will  probably  result. 

With  the  milk  at  a  temperature  of  72**  F.,  sufficient  starter  should  be 
added  so  that  on  the  following  morning  the  whey — from  which  the  curd 
will  have  separated — will  show  0.35  per  cent  acidity.  To  accomplish  this 
will  require  about  one  cubic  centimeter  of  commercial  starter  to  thirty 
pounds  of  milk.  After  the  starter  has  been  thoroughly  mixai  with  the 
milk,  rennet  extract  should  be  added,  at  the  rate  of  one-half  cubic  centi- 
meter to  thirty  pounds  of  milk.  Before  adding  it  to  the  milk,  however,  the 
rennet  extract  should  be  diluted  in  cold  water.  This  should  give  a  firm 
coagulation,  which  will  draw  away  slightly  from  the  side  of  the  can,  and 
on  the  following  morning  a  little  free  whey  will  appear  on  top  of  the  curd. 
If  this  whey  does  not  show  0.35  per  cent  acidity  the  dipping  must  be 
postponed  until  this  degree  of  axndity  has  developed. 

The  curd  should  be  very  carefully  dipped  with  a  ladle  onto  a  doth 
suspends!  at  the  four  comers,  and  allowed  to  drain.  The  contents  of  each 
can  should  be  dipped  onto  a  separate  doth  (Fig.  26),  so  that  the  curd  may 
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dry  evenly.    Factory  cotton  is  a  good  doth  for  this  purpose,  because  it 
is  of  fine  enough  weave  so  that  the  curd  particles  will  not  go  through; 


Fig.  25. — Steps  in  tying  the  cheese 

ordinary  cheesecloth  cannot  be  used  without  a  considerable  loss  of  curd 
particles.    The  curd  should  not  be  broken  too  fine  in  dipping,  as  thir 
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prevents  the  whey  from  separating  rapidly  and  there  will  be  a  greater 
loss  of  fat  than  is  necessary.  If  care  is  taken  not  to  break  the  curd  it  may 
be  poured  out  of  the  cans,  but  it  is  safer  for  an  inexperienced  person  to 
dip  the  curd  with  a  ladle. 

After  the  curd  has  drained  for  a  few  minutes  it  should  be  rolled  loose 
from  the  cloth  by  carefully  pulling  up  the  side  of  the  cloth.  This  separates 
the  dry  curd  from  the  doth  and  gives  the  whey  an  opportunity  to  escape. 
This  process  must  be  repeated  several  times,  until  most  of  the  visible  free 
whey  has  escaped;  the  curd  may  then  be  wrapped  up  in  the  cloth,  and 
pressure  gradually  applied  to  force  out  the  whey.  Too  much  or  too  heavy 
pressure  at  first  will  cause  a  considerable  loss  of  fat,  and  is  likely  to  force 
curd  particles  through  the  meshes  of  the  cloth.     The  pressure  should  be 


Fig.  26. — Draining  table,  showing  different  steps  in  draining  and  tying  cheese 

removed  every  few  minutes  so  that  the  cloth  may  be  opened  and  the  curd 
may  be  stirred.  If  not  stirred,  the  curd  next  to  the  cloth  will  become  ver>' 
dry  so  that  it  will  not  mix  readily  with  the  softer  curd,  and  this  will  pro- 
duce a  cheese  of  lumpy  texture. 

When  the  curd  has  become  dry  enough  to  be  put  up,  salt  is  evenly 
mixed  through  it  at  the  rate  of  two  ounces  of  salt  to  ten  poimds  of  curd. 

The  question  of  when  the  curd 
is  sufficiently  dry  must  be  left 
entirely  to  the  judgment  of  the 
maker,  because  there  is  no  quick 
method  of  determining  the 
amount  of  moisture  in  curd. 
After  the  salt  has  dissolved,  the 
cheeses  are  molded  into  cylindri- 
cal forms  one  and  three-fourths 
by  two  and  three-fourths  inches 
in  size  (Fig.  27),  and  wrapped  in  tin  foil  lined  with  parchment  cut  five  by 
seven  inches.  A  mold  of  this  size  makes  a  cheese  weighing  about  one- 
fourth  pound.  The  dieeses  are  then  packed  in  wooden  boxes,  twenty-five 
cheeses  in  a  box. 


Fig.  27. — Neujchdtel  cheese  mold 
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Yield. — In  table  6  is  shown  the  yield  of  neuf chatel  cheese  that  may 
be  expected.  The  yield  is  seen  to  vary  between  wide  limits,  according 
to  the  amount  of  fat  in  the  milk  from  which  the  cheese  is  made,  the  amount 
of  moisture  left  in  the  curd,  and  whether  or  not  the  milk  has  been  pasteur- 
ized. In  table  7,  giving  the  composition,  a  very  high  percentage  of  water 
is  shown.  It  is  easy,  however,  to  press  the  cheese  a  little  longer,  thus 
changing  both  the  composition  and  the  yield. 

TABLE  7.    Analysis  of  Neufchatel  Cheese* 


Percentage  of 


Water 


Fat 


Proteids 

amids, 

etc. 


Milk 

sugar, 

lactic 

add,  etc. 


Total 
ash 


Casein 


Balland  (two  analyses) I 

Blyth 

von  Klenze 

Martin  (two  analyses) .  . , .  < 

Payen  (two  analyses)  ...:.< 

Arnold 

Johnson 


50 
54 
37 
51 
56 
57 
34 
36 
37 
57 


.80 
.80 
.90 
•72 
.08 
.83 
.47 
.58 
•45 
.25 


25.15 
20.59 

41  30 
23  99 
23.34 
21.00 
41.91 
40.71 
34.60 
22.30 


17.60 

14-43 
23.10 

20.73 
16.67 
17.00 
13  03 
14.18 
24.04 
15.03 


5.12 
5.98 


1.42 
1.32 
6.96 
9.02 

2.94 


I  33 
4.20 

3  40 
3  56 
2.49 
2.85 
3  63 
0.51 
3  90 
2.48 


♦From  Bulletin  105,  U.  S.  Bureau  of  Animal  Industry. 


The  figures  in  table  7  are  taken  from  Bulletin  105  of  the  United  States 
Bureau  of  Animal  Industry.  The  composition  of  neufch&tel  cheese  as 
shown  in  this  table  varies  between  wide  limits.  This  is  tmdoubtedly  due 
to  the  fact  that  there  is  no  standard  for  the  composition  of  neufdi&tel, 
and  so  a  cheese  is  made  and  called  neufchitel.  The  composition  of  the 
cheese  made  in  the  Department  of  Dairy  Industry  at  Cornell  University 

TABLE  8.    Composition  of  Neufchatel  Cheese 


I 

II 

III 

IV 

V 

556 

60.3 

62.3 

58.1 

62.6 

23.0 

16.5 

17-5 

17.0 

16.5 

16.5 

17.6 

15.3 

20.0 

15  5 

19 

2.0 

2.0 

2.1 

1.8 

1.6 

1.6 

15 

14 

1.6 

14 

2.0 

14 

1-4 

2.0 

Average 


Water 

Fat 

Protein 

Acid  (calculated  as  lactic  acid) 
Milk  sugar 

Ash : 


59.78 

18.10 

16.98 

1.96 

I  54 

I  64 
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is  shown  in  table  8.  The  cheese  used  in  Analysis  I  was  taken  directly 
from  the  refrigerator,  so  that  the  percentage  of  fat  in  the  milk  is  not  ex- 
actly known.  The  cheese  used  in  Analyses  II,  III,  and  V  was  made  from 
milk  containing  3  per  cent  fat,  and  the  cheese  used  in  Analysis  IV  was 
made  from  milk  containing  2.8  per  cent  fat.  The  fat  varies  only  between 
narrow  limits  in  Analyses  II,  III,  IV,  and  V,  and  the  water  content  does 
not  vary  widely. 

Qualities  of  neufchatel  cheese. — ^Neufch&tel  cheese  should  have  a  distinct, 
mild,  clean  flavor,  resembling  the  odor  of  freshly  drawn  milk.  The  tex- 
ture should  be  fairly  dry  and  smooth,  with  no  hard,  dry  Ixmips  nor  grains. 
There  should  be  no  whey  leaking  from  the  cheese. 

Neufchatel  curd  forms  the  basis  of  a  nimiber  of  other  varieties  of  cheese, 
made  by  mixing  nuts,  pimento,  cream,  and  other  substances  with  the 
curd. 

cream  cheese 

Cream  cheese  can  be  made  in  either  one  of  two  ways  —  by  mixing  cream 
with  neuf  ch&tel  curd,  or  by  a  method  very  similar  to  that  used  in  making 
neufchatel  dieese  except  that  cream  testing  10  per  cent  fat  is  used  instead 
of  milk. 

Method  of  manufacture  using  neufchatel  curd. — ^When  cream  is  mixed 
with  neufchatel  curd  it  is  difficult  to  get  cheese  as  rich  as  that  obtained 
by  making  the  curd  from  cream  testing  10  per  cent  fat,  because  if  too  much 
cream  is  added  to  the  neufchatel  curd  it  will  become  so  moist,  and  usually 
so  stidcy,  that  it  cannot  be  handled.  One  pound  of  heavy  cream  testing 
about  50  per  cent  fat,  mixed  with  five  pounds  of  neufchatel  curd,  will 
ordinarily  give  a  good  grade  of  cream  cheese.  Care  should  be  taken  not 
to  mix  the  curd  so  much  that  it  will  become  salvy.  Usually  it  will  be 
necessary  to  add  a  little  more  salt  to  the  cheese. 

This  method  is  much  quicker  and  is  less  wasteful  than  making  the 
cheese  from  cream  testing  10  per  cent  fat. 

Method  of  manufacture  using  ichper-cent  cream, — When  cream  testing 
10  per  cent  fat  is  to  be  used  in  making  cheese,  the  method  is  very  similar 
to  that  for  making  neufch&tel  cheese.  The  cream  is  placed  in  thirty- 
pound  cans  and  brought  to  a  temperature  of  72°  F.,  in  the  same  way  as 
for  neufchatel  cheese,  and  the  same  degree  of  acidity  is  developed  at  the 
time  of  dipping.  A  greater  quantity  of  rennet  extract  is  used,  this 
usually  being  about  one  cubic  centimeter  to  thirty  pounds  of  milk.  This 
gives  a  quidker  coagulation,  thus  preventing  a  loss  of  fat  which  would 
occur  if  the  cream  were  allowed  to  rise  before  coagulation  took  place. 
The  following  morning  the  curd  is  dipped  onto  a  doth,  and  from  this 
point  on  the  method  is  the  same  as  that  used  for  neufchS,tel. 

With  this  method  there  is  a  considerable  loss  of  fat,  which  is  pressed 
out  with  the  whey.     For  this  reason  the  method  is  not  extensively  used. 

Composition, — ^The  cheese  used  in  the  analyses  in  table  9  was  made 
from  neuf ch&tel  curd.  The  cheese  used  in  Analysis  I  was  taken  directly 
from  the  refrigerator,  so  that  the  exact  analyses  of  the  milk  and  the  cream 
were  not  known.  The  cheese  used  in  Analyses  II,  III,  and  V  were  made 
from  milk  testijig  3  per  cent  fat,  and  the  milk  from  which  the  cheese  used 
in  Analysis  IV  was  nW^  contained  2.8  per  cent  fat.    Two  pounds  of  cream 
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was  then  mixed  with  the  curd  from  thirty  pounds  of  milk,  except  in  the 
case  of  the  cheese  used  in  Analysis  IV,  in  which  i  .8  pounds  of  cream  was 
mixed  with  the  curd  from  thirty  pounds  of  milk.  The  percentage  of  fat 
used  in  the  cream  was  as  follows:  Analysis  II,  58  per  cent  fat;  Analysis 
III,  5  per  cent  fat;  Analysis  IV,  50  per  cent  fat;  -dialysis  V,  42  per  cent  fat. 
From  these  figures  it  is  seen  that  a  small  difference  in  the  percentage  of 
fat  in  the  cream  used  has  little  effect  on  the  fat  content  of  the  cheese,  but 
the  variation  in  water  content  has  a  greater  effect. 

TABLE  9.    Composition  of  Cream  Cheese 


I 

II 

III 

IV 

V 

57-5 

50.8 

49.6 

52.8 

50.8 

23  4 

33.0 

33.5 

28.0 

31  5 

13  6 

II. 7 

12.4 

14.9 

13  7 

1.6 

14 

2.1 

14 

1.5 

1.8 

1.8 

I.O 

17 

1.2 

2.1 

13 

14 

1.2 

13 

Average 


Water 

Fat 

Protein 

Acid  (calculated  as  lactic  acid) 

Milk  sugar 

Ash 


52  30 

29. 8« 

13  26 

1  60 

I   50 

1  45 


Fig.  28. —  Cream  cheese  mold 


Yield, — ^Thc  yield  of  cream  cheese  is  a  little  more  than  that  of  neufchAtel 
cheese,  due  to  the  extra  fat.    The  average  yield  is  from  twenty-two  to 

twenty-four  pounds  of 
cheese  from  one  hun- 
dred pounds  of  lo-per- 
cent  cream,  or  from  the 
curd  from  one  hundred 
pounds  of  milk  made  by 
the  neuf  ch^tel  method 
with  cream  added. 

Marketing, — C  ream 
cheese  is  always  put  up 
in  rectangular  forms, 
measuring  ij  by  2^  by 
2f  inches.  A  tin  mold  used  for  pressing  cream  cheese  is  shown  in  figure  28. 
The  cheeses  weigh  about  one-fourth  pound.  They  are  wrapped  in  tin  foil 
and  put  in  boxes,  twelve  cheeses  in  a  box. 

Qualities  oj  cream  cheese, —  Cream  cheese  should  have  a  dean,  mild,  add 
flavor,  resembling  well-ripened  cream.  It  should  be  of  a  creamy  consis- 
tency, but  not  salvy.  It  should  not  be  grainy  in  texture,  and  there  should 
be  no  hard,  dry  lumps. 

PIMENTO   CHEESE 

Pimento  cheese,  which  is  much  used  for  sandwiches,  is  made  by  adding 
pimentos  to  neufchatel  curd.  A  pound  of  pimentos  is  suflRdent  for  from 
dght  to  ten  pounds  of  curd. 

Method  of  manufacture. — ^The  pimentos  are  chopped  very  fine;  this  is 
best  done  by  running  them  through  a  food  chopper.    They  are  then  put 
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into  the  curd  and  thoroughly  mixed  through  it.  A  small  pinch  of  red  pep- 
per shotdd  be  added,  to.  give  the  cheese  a  pungent  taste.  The  mixing 
can  be  more  satisfactorily  and  evenly  done  if  the  pimentos  are  partly 
mixed  with  the  cheese  and  then  the  whole  mass  is  run  through  the  food 
chopper.  In  order  to  do  this  and  to  be  sure  that  the  texture  will  not  be 
salvy,  the  curd  should  be  cold. 

A  better  color  can  be  obtained  if  cheese  color  is  added  to  the  milk  from 
which  the  cheese  is  made,  at  the  rate  of  one  cubic  centimeter  of  color  to 
thirty  pounds  of  milk.  The  color,  which  may  be  diluted  with  water  or 
milk,  should  be  added  after  the  starter  is  added  but  before  the  rennet 
extract  is  put  in. 

Yield, — ^The  jdeld  of  pimento  cheese  will  be  a  little  more  than  that  of 
neufchfttel  cheese,  due  to  the  added  pimento;  but  there  will  be  some  loss 
of  curd  due  to  grinding. 

Marketing, — Pimento  cheese  may  be  molded  in  either  the  neufch^tel 
or  the  cream  cheese  mold,  and  then  wrapped  in  parchment  or  tin  foil. 
Put  up  in  this  way,  however,  it  does  not  keep  very  long.  Many  manu- 
facturers are  now  putting  the  cheese  into  glass  jars  with  screw  tops,  which 
hold  from  three  to  four  ounces.  In  such  a  package  the  cheese  will  keep 
much  longer,  and  the  original  package  may  be  placed  directly  on  the 
consumer's  table  and  used  as  long  as  the  cheese  lasts.  The  glass  jars 
are  a  little  more  expensive  than  the  tin  foil  or  the  parchment  paper, 
but  the  added  expense  is  made  up  by  the  longer  commercial  life  of  the 
cheese. 

Qualities  of  pimento  cheese. — Pimento  cheese  should  have  a  distinct 
but  clean  pimento  flavor,  with  a  biting  taste.  It  should  have  a  soft, 
but  not  salvy,  texture,  so  that  it  can  be  evenly  spread  on  bread  and  crackers. 
There  should  be  no  free  whey  dripping  from  the  cheese. 

CLUB  cheese 

Club  cheese  is  known  by  a  variety  of  names  and  is  manufactured  by 
many  different  methods.  It  is  made  largely  from  cheddar  cheese,  so  that 
it  is  especially  liked  by  persons  who  like  the  cheddar  flavor  or  a  strong 
cheese  flavor.  It  has  a  soft  texture  so  that  it  spreads  easily,  and  is  therefore 
much  used  for  sandwiches. 

Method  of  manufacture, — ^As  stated  already,  there  are  many  different 
methods  of  making  club  cheese.  The  method  used  by  the  Department 
of  Dairy  Industry  at  Cornell  University  is  as  follows: 

Well-ripened  or  old  cheddar  cheese  is  grotmd  in  a  food  chopper  and 
butter  is  mixed  with  it.  The  older  the  cheddar  cheese,  the  stronger 
will  be  the  flavor  of  the  club  cheese.  Cheese  and  butter  of  good  flavor 
should  be  used.  The  amount  of  butter  to  be  used  will  depend  on  the 
amoimt  of  moisture  in  the  cheese  and  the  length  of  time  the  cheese  is  to 
be  kept.  If  the  cheese  is  dry,  more  butter  should  be  put  in,  in  order  to 
make  the  texture  soft;  but  if  the  cheese  is  to  be  kept  for  a  long  time,  too 
much  butter  is  likely  to  make  it  become  rancid.  Usually  one  pound  of 
butter  to  eight  or  ten  pounds  of  cheese  is  sufficient. 

In  order  to  do  away  with  all  lumps  in  the  texture,  it  is  sometimes  nec- 
essary to  run  the  mixed  cheese  and  butter  through  the  food  chopper  a 
second  time.    While  all  Itamps  must  be  worked  out  of  the  cheese,  care 
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should  be  taken  not  to  work  the  cheese  so  much  that  it  will  become  salvy 
and  sticky. 

Usually  a  Httlc  pepper  is  added,  to  give  the  cheese  a  biting  taste.  Some 
manufacturers  add  a  great  variety  of  substances,  but  these  are  not  nec- 
essary and  destroy  the  flavor  of  the  cheese. 

Marketing, — Club  cheese  may  be  wrapped  in  tin  foil  or  put  up  in  air- 
tight glass  jars.  The  latter  practice,  while  more  expensive,  has  the  ad- 
vantage of  making  the  cheese  keep  longer;  but  for  local  trade  tin  foil 
is  just  as  satisfactory  as  glass.  In  filling  the  glass  care  must  be  taken 
not  to  leave  any  air  spaces  between  the  cheese  and  the  glass,  as  this  is 
likely  to  cause  the  cheese  to  mold.  A  glass  jar  can  be  filled  and  air  spaces 
prevented  by  first  smearing  a  very  thin  layer  of  cheese  over  the  glass. 

SUMMARY 

1.  There  is  nothing  in  connection  with  the  manufacture  of  soft  cheeses 
which  after  a  few  trials  the  average  cheese  maker  cannot  master. 

2.  In  order  to  have  the  best  cheese  possible  there  must  be  a  supply 
of  good  milk. 

3.  A  good  starter  must  be  used  in  connection  with  the  cheese. 

4.  Soft  cheeses  can  often  be  made  and  marketed  in  connection  with 
butter  making  on  the  farm. 

5.  The  commercial  life  of  soft  cheeses  is  so  short  that  there  must  be 
an  easily  available  and  ready  market. 

6.  While  there  is  a  large  profit  in  the  making  of  soft  cheeses,  there  are 
so  msaiy  losses  that  in  many  cases  what  appears  to  be  a  profit  will  be 
ttuTied  to  a  loss  before  the  cheese  can  be  sold. 
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